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(57) Abstract: An intervertebral disc space 
implant includes spaced-apart bone engagement 
poitions that define an intermediate chamber that 
holds bone growth inducing material into contact 
with adjacent vertebral bodies. The implant is 
expandable to establish and maintain desired 
intervertebral spacing during fusion. The implant 
includes a first member and a second member 
arranged to move relative to each other by action 
of an expansion member, the first member being 
engageable with the vertebral body below the 
disc sp. 
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EXPANDABLE SPINAL FUSION DEVICE 
AND METHODS OF PROMOTING SPINAL FUSION 

BACKGROUND OF THE INVENTION 

The present invention relates to an implant device to be placed into a portion of the 
intervertebral space between adjacent vertebrae. Specifically, the invention concerns an 
expandable osteogenic fusion device that may enhance arthrodesis or fusion between 
adjacent vertebral bodies while also maintaining the height of the intervertebral space at 
the instrumented vertebral level. 

In many cases, low back pain originates from damages or defects in a spinal disc 
between adjacent vertebral bodies. The disc can be herniated or can be affected by a 
variety of degenerative conditions. Frequently, pathologies affecting the spinal disc can 
disrupt the normal anatomical function of the disc. In some cases, this dismption is 
significant enough that surgical intervention is indicated. 

In one such surgical treatment, the affected disc is essentially removed and the 
adjacent vertebral bodies are fused togetiier. In this treatment, a discectomy procedure is 
conducted to remove the disc nucleus while retaining the annulus. Since the disc material 
has been removed, an implant must be placed within the intervertebral space to prevent the 
space from collapsing. 

In early spinal fusion techniques, bone material, or bone osteogenic fusion devices, 
were simply disposed between adjacent vertebral bodies, typically at the posterior aspect 
of the vertebral bodies. In the early history of these bone osteogenic fusion devices, the 
devices were formed of cortical-cancellous bone which was generally not strong enough to 
support the weight of the spinal column at the instrumented level. Consequently, the spine 
was stabilized by way of a plate or a rod spanning the affected vertebral bodies. With this 
technique, once fusion occurred across the vertebral bodies and incorporated the bone 
osteogenic fusion device, the hardware used to maintain the stability of the spine became 
superfluous. 

Following the successes of the early fusion techniques, focus was directed to 
modifying the device placed within the intervertebral space. Attention was then turned to 
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implants, or interbody fusion devices, that could be interposed between the adjacent 
vertebral bodies, maintain the stability of the disc interspace, and still permit bone fusion 
or arthrodesis. These interbody fusion devices have taken many forms. For example, one 
prevalent form is a cylindrical hollow implant or "cage". The outer wall of the cage 
5 creates an interior space within the cylindrical implant that is filled with, for example, 

bone chips or other bone growth-inducing material. In recent years compounds known as 
bone morphogenetic proteins (BMPs) have become the preferred bone growth inducing 
material. In some cases, the cylindrical implants included a threaded exterior to permit 
threaded insertion into a tapped bore formed in portions of the adjacent vertebral bodies. 
10 Alternatively, some fusion implants have been designed to be impacted into the 

intervertebral space. Yet another class of fiision implants can be placed in between 
adjacent vertebral bodies and then expanded to contact the opposing surfaces of the 
vertebral bodies. 

Experience with some interbody ftision devices has demonstrated the efficacy of 

15 some such implants in yielding a solid bone fosion. Variations in the design of the 

implants have accounted for improvements in stabilizing the motion segment while fusion 
occurs. Nevertheless, with some of the interbody fusion devices, there remains difficulty 
in achieving a complete fusion, at least without the aid of some additional stabilizing 
device, such as a rod or plate. Moreover, some of the devices are not structurally strong 

20 enough to support some loads and bending moments applied at certain levels of the spine. 

Further difficulty has been encoimtered when a surgeon, desiring to avoid removal 
of the spinal facet joints laterally, uses an undersized interbody fusion cage in a posterior 
lumbar interbody fusion procedure (PLIF). Use of undersized devices results in sub- 
optimal contact with the endplates of adjacent vertebral bodies and consequent sub- 

25 optimal bone formation inside the device, and can lead to pseudoarthrosis. Additionally, 

undersized devices may not provide adequate disc space distraction and nerve root 
decompression. Due to the high degree of anatomical and physiological variation 
encountered in all surgery, efforts to avoid utilization of a posteriorly undersized implant 
can require the availability of numerous devices of different dimensions, and increase the 

30 time required to cany out the surgical procedure, thus increasing the cost and risk 

associated with the procedure. Some prior efforts to address this difficulty through use of 
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expandable devices have utilized designs involving numerous parts, or designs that apply 
excessive stress force to the device, resulting in device strain. These design approaches 
increase the risk of mechanical failure. Also, fhey may occlude the space between 
vertebral body endplates, inhibiting fusion ftom adequately occurring. 

Even with devices that do not have the aforementioned difficulties, still other 
undesirable characteristics exist. Studies have suggested that the interbody fusion implant 
devices, especially those implants of the "cage" design, lead to stress-shielding of bone 
material within the cage. It is well known that bone growth is enhanced by stressing or 
loading the bone material. The stress-shielding phenomenon relieves some or all of the 
load applied to the bone material to be fused, which can greatly increase the time for 
complete bone fixsion, or disturb the quality and density of the ultimately formed fusion 
mass. La some instances, stress-shielding can cause the bone chips or fusion mass 
contained within the fusion cage to resorb or evolve into fibrous tissue rather than into a 
bony fusion mass. 

A fiirther difficulty encountered with many fusion implants is that the material of the 
implant is not radiolucent. Most fiision cages are formed of metal, such as stainless steel, 
titanium or porous tantalum. The metal of the cage shows up prominently in any 
radiograph (x-ray) or computer tomography (CT) scan. Since "cage" type fusion devices 
surround and contain the bone graft material housed within a metal cage, the developing 
fusion mass within the cage cannot be seen under traditional radiographic visualizing 
techniques, and can be seen in CT scans only with the assistance of image scatter 
techniques. Thus, the spinal surgeon does not have adequate means to determine the 
progress of the fusion, and in some cases cannot ascertain whether the fusion was 
complete and successful. 

Thus, the field of spinal fusion lacks a suitable intervertebral fusion device that can 
be made small enough to facilitate insertion in the intervertebral space and support bone 
growth material within the intervertebral space and expand to maintain the normal height 
of the disc space. Further, cxurent spinal fusion devices do not sufficiently reduce the risk 
of stress-shielding the fusion mass and do not enable visualization of the fusion mass as 
the arthrodesis progresses. So, there remains a need for improvements in osteogenic 
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fusion device technology, particularly devices that provide expandable characteristics. 
The present invention addresses this need in a novel and non-obvious fashion. 

SUMMARY OF THE INVENTION 

To address the current needs with respect to interbody fusion devices, the present 
invention contemplates an expandable osteogenic fusion device for promoting osteogenic ^ 
fusion in an intervertebral disc space between adjacent vertebral bodies. The device 
includes a first configuration to enable placement with minimal surgical exposure for 
access to the space and a second configuration that expands in the space to provide proper 
disc space distraction. Fmiher, the expanded device enables retention of an optimum 
amount of bone growth fusion material and placement of the bone growth inducing 
material into contact with adjacent bone. 

In one embodiment, the expandable implant uacludes a cam. The cam is in contact 
with an interior surface of a first member. The first member contacts a portion of one of 
the adjacent vertebral bodies. The cam is also in contact with an interior surface of a 
second member. The second member contacts a portion of the other of the adjacent 
vertebral bodies. The implant can be expanded by simply turning the cam, and thereby 
without the cam undergoing substantial translational displacement, to cause one of the first 
member and the second member to move slightly away fi*om the other for the desired 
expansion. 

Another embodiment of the present invention also contemplates an expandable 
implant for promoting osteogenic fusion in an intervertebral disc space between adjacent 
vertebral bodies. This embodiment includes a first member for contacting a portion of one 
of the adjacent vertebral bodies and a second member for contacting a portion of the other 
of the adjacent vertebral bodies. The first member has a bore defined therein. The bore is 
threaded along substantially its entire length. This embodiment further includes a screw 
having a threaded region and further having a region of gear teeth. The threaded region of 
the screw is at least partially threaded into the bore. The screw contacts the second 
member in a manner pemiittibtig the screw to rotate. This embodiment further includes an 
axle having a threaded region. The threaded region of the axle engages the gear teeth of 
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the screw to function as a worm and pinion gear assembly operable to produce the desired 
expansion. 

Yet another embodiment of the present invention contemplates an expandable 
implant for promoting osteogenic fusion in an intervertebral disc space between adjacent 
vertebral bodies. This embodiment includes a first member for contacting one of the 
adjacent vertebral bodies and a second member for contacting the other of the adjacent 
vertebral bodies. This embodiment further includes a rack having a plurality of gear teeth. 
The rack is in contact with one of the first member and the second member. An axle 
having a pinion gear is further included. The axle is coupled to the other of the first 
member and the second member in a manner that allows the axle to rotate. The pinion 
gear of the axle contacts at least one of the plurality of gear teeth of the rack to form a rack 
and pinion operable for the expansion. 

Still another embodiment of the present invention contemplates an expandable 
implant for promoting osteogenic fusion in an intervertebral disc space between adjacent 
vertebral bodies, and includes first and second initially abutting each other. The first 
member is substantially adjacent to one of the vertebral bodies. The second member is 
substantially adjacent to the other vertebral body. A spring for expanding the implant 
from a first configuration to a second configuration is also included in this embodiment. 
The spring is compressed when the implant is in the first configuration. One portion of the 
spring is in physical contact with the first member and another portion of the spring is in 
physical contact with the second member. 

In still another embodiment of the present invention an expandable implant for 
promoting osteogenic fusion in an intervertebral disc space between adjacent vertebral 
bodies includes first and second initially abutting each other. The first member is 
substantially adjacent to one of the vertebral bodies. The second member is substantially 
adjacent to the other vertebral body. A manufactured body for expanding the implant 
from a first configuration to a second configuration is also included. The manufactured 
body is capable of assuming a first state and a second state. A first portion of the 
manufactured body is in physical contact with tihe first member and a second portion of the 
manufactured body is in physical contact with the second member to spread the first and 
second after insertion into the intervertebral space. 
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An additional set of embodiments much like those summarized above is provided 
with a rectangular extemal cross-sectional shape instead of the circular external cross- 
sectional shape. 

An additional embodiment of the present invention contemplates a method of 
promoting osteogenic fusion of adjacent vertebral bodies. The method includes the step of 
providing an expandable implant that defines a void intermediate a part of the implant and 
one of the vertebral bodies when the implant is substantially adjacent to the vertebral 
body. The step of positioning the expandable implant substantially intermediate a first 
vertebral body and a second vertebral body is further included in the present embodiment 
of the invention. Still further included is the step of expanding the implant while 
maintaining the void. 

In the various embodiments of the present invention, the e3q)andable implant 
maintains intervertebral disc space between adjacent vertebral bodies while providing a 
void intermediate the vertebral bodies where the bone growth inducing material may be 
packed, thereby minimizing the above-mentioned stress-shielding of bone material while 
enabling radiographic visualization of the developing fusion mass. 

Therefore, embodiments of the present invention provide an improved expandable 
osteogenic fusion device. Numerous advantages and additional aspects of the present 
invention will be apparent firom the description of the preferred embodiments and drawings 
that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side sectional view of a first embodiment of the present invention at 
line 1-1 in FIG. 2 and viewed in the direction of the arrows. 

FIG. 2 is an end sectional view of the embodiment of FIG. 1 taken along line 2-2 in 
FIG. 1 and showing the implant in a non-expanded position. 

FIG. 3 is an end view of the embodiment of FIG. 1 showing the implant in a non- 
expanded position. 

FIG. 4 is an end sectional view of the embodiment of FIG. 1 taken along line 2-2 in 
FIG. 1 and showing the implant in an expanded position. 
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FIG. 5 is an end view of the embodiment of FIG. 1 showing the implant in an 
expanded position. 

FIG. 6 is a view along the longitudinal axis of the embodiment of FIG. 1 taken at 
line 6-6 showing the implant in an non-expanded position. 

FIG. 7 is a view like FIG. 6 but showing the implant in an expanded position. 

FIG. 8 is a side partial sectional view of a second embodiment of the present 
invention. 

FIG. 9 is a side view of the second embodiment of the present invention. 

FIG. 10 is an end partial sectional view of the embodiment of FIG. 8 taken along 
line 10-10 showing the implant in a non-expanded position. 

FIG. 1 1 is an end partial sectional view of the embodiment of FIG. 8, similar to 
Fig. 10, showing the implant in an expanded position. 

FIG. 12 is an end view of the embodiment of FIG. 8 showing the implant in a non- 
expanded position. 

FIG. 13 is end view of the second embodiment of the present invention showing 
the implant in an expanded position. 

FIG. 14 is a perspective view of a locking cap. 

FIG. 15 is a side partial sectional view of a third embodiment of the present 
invention. 

FIG. 16 is an end sectional view of the embodiment of FIG. 15 taken along line 16« 
16 showing the implant in an non-expanded position. 

FIG. 1 7 is a detailed view of a portion of the third embodiment showing a 
ratcheting mechanism. 

FIG. 1 8 is an end sectional view of a variation similar to Fig. 16, showing the 
implant in an non-expanded position and including springs. 

FIG. 19 is an end sectional view of a variation showing an implant in non- 
expanded position with only springs. 

FIG. 20 is an end sectional view of a second variation of a fourth embodiment of 
the present invention taken along line 20-20 of FIG. 24 showing the implant in a non- 
expanded position. 
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FIG. 21 is an end sectional view of the second variation of the fourth embodiment 
of the present invention showing the implant in an expanded position. 

FIG. 22 is an end view of the second variation of the foiirth embodiment of the 
present invention showing the implant in a non-expanded position. 

FIG. 23 is an end view of the second variation of the fourth embodiment of the 
present invention showing the implant in an expanded position. 

FIG. 24 is a side sectional view of the second variation of the fourth embodiment 
of the present invention showing the implant in a non-expanded position. 

FIG. 25 is an end sectional view of a third variation of the fourth embodiment of 
the present invention showing the implant in a non-expanded position. 

FIGS. 26 through 50 illustrate various embodiments generally corresponding to 
those shown in FIGS. 1 through 25 but wherein the configuration of the implants as 
viewed along the implant axis is generally rectangular, rather than circular. 

DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
For the purpose of promoting an understanding of the principles of the invention, 
reference will now be made to the embodiments illustrated in the drawings and specific 
language will be used to describe the same. It will nevertheless be understood that no 
limitation of the scope of the invention is Ihereby intended. Such alterations and further 
modifications in the illustrated device and such further applications of the principles of the 
invention as illustrated therein as would normally occur to one skilled in the art to which 
the invention relates are contemplated as within the scope of the invention. 

The drawings show various embodiments of an implant for insertion into the 
intervertebral space between adjacent vertebrae and include first and second end members 
for engaging respective ones of the adjacent vertebrae, and an expansion member for 
changing the implant from a first state suitable for insertion into the intervertebral space 
between the distracted vertebrae, to a second state suitable for maintaining a 
predetermined spacing between the adjacent vertebrae. The expansion member may 
include any system or mechanism for changing the spacing between upper and lower 
portions of the first end member and upper and lower portions of the second end member 
in a direction substantially aligned with the longitudinal axis of the spine at the site of the 
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adjacent vertebra, while maintaining substantially the same position in an axis 
perpendicular to the longitudinal axis of the spine. Additionally, the first and second end 
members have lateral portions that are spaced apart and define an intermediate chamber 
between the adjacent vertebrae suitable for retaining a bone growth-inducing material. 
5 The expanded end members can handle loads imposed while maintaining the 

predetermined spacing during fusion. By communicating with the adjacent vertebrae, the 
intermediate chamber allows the transmission of loads from one vertebrae to the adjacent 
vertebrae through the bone growth inducing material, thereby facilitating fusion. Thus, the 
implant maintains the predetermined spacing between the adjacent vertebrae while 

10 promoting fusion of the adjacent vertebrae through the bone growth inducing material. 

In accordance with a first embodiment of the present invention, an expandable 
osteogenic fusion implant 8, depicted in FIGS. 1-7, has a cam-action expansion member. 
Implant 8 includes cams 10 coimected at opposite ends of a connecting member 20, and 
two end members 30, respectively, enclosing each cam. Cams 10 have an outer surface 

15 that contacts a first portion of the inner surface of each of the ends 10 when the implant is 

not expanded, but when rotated as in FIG. 4, the cams 10 contact a second portion of each 
of the end members 30. The end members 30 further include exterior surfaces 32 that 
contact the endplates of the vertebral bodies 21 and 22, respectively, above and below the 
disc space "S" of FIG. 1 when the implant is in an expanded configuration. Exterior 

20 surfaces 32 may include a bone engaging configuration 65, such as threads or ridges to 

promote a secure positioning of flie implant or to enable insertion of the implant. The 
implant transforms firom the non-expanded configuration to the expanded configuration 
by, for example, a rotation of the cams 10 about the longitudinal axis of connecting 
member 20. As the cams 10 rotate, they exert forces on surfaces 3 1 of end members 30 

25 that cause end members 30 to move apart from one another. By selecting the size and 

configuration of the cooperating surfaces of the cams 10 and end members 30, the 
expansion of the implant can be controlled to provide desired distraction of adjacent 
vertebral bodies and nerve root decompression. Expansion distances of one to eight 
millimeters, depending on the size and shape of the implant, such as one to three for small, 

30 one to six for medium, and one to eight for large, are examples. It will be appreciated by 

one of ordinary skill in the art that cams 10, while illustrated as largely identical in FIG. 1, 
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may have different shapes, sizes and configurations from one another. Similarly, one of 
ordinary skill in the art will recognize that end members 30 while illustrated as 
substantially identical in FIG. 1, may also have different shapes, sizes and configurations 
from one another. 

In this embodiment, the cams 10 are positioned and secinred at opposite ends of the 
elongate connecting member 20 that extends intermediate the cams 10. Member 20 and 
cams 10 may be one integral homogeneous piece of material, or may be separate pieces 
joined together. Some examples of techniques for connecting member 20 and cams 10 
include staking, threading, screwing, bolting, or welding. Additionally, connecting 
member 20 may be configured to join cams to along their axes of rotation, or may be 
configured to connect the cams at any position that transmits the rotation of one cam to the 
other cam. Additionally, one or more cams 10 may be positioned at any point along central 
member 20. 

Variations of the embodiment described above and shown in FIGS. 1-7 are within 
the scope of the invention. For example, one of cams 10 is shown in FIGS. 2 and 4 as 
having a substantially elliptical cross sectional shape, however, it is contemplated that 
cams 10 could have almost any cross sectional shape that would provide a greater distance 
along a first axis than along a second axis while permitting the cam to be intentionally 
turned by the surgeon. For instance, cams 10 could have an oval cross section or a cross 
section that is generally rectangular with romided comers. It should be understood also 
that interior surfaces 3 1 can also assume a variety of shapes cooperating with the shape of 
the cams 10. Regardless of the specific cross sectional shape of the cams 10 and the shape 
of interior surfaces 3 1 , implant 8 may include a retainer mechanism to secure the position 
of cams 10 and thereby maintain the implant in the expanded position. For example, 
interior stxrfaces 3 1 may be adapted to hold cams 10 in a fixed position when the implant 
has been transformed to the expanded position. Referring to FIGS. 2 and 4, for example, 
retainer mechanism includes cavities 33 formed along interior surfaces 3 1 that are not 
occupied in the non-expanded position (see FIG. 2), but that are occupied by the cams 10 
in the expanded position (see FIG. 4). For example, cavities 33 include surfaces having a 
radius of curvature less than the radius of curvature of the corresponding portion of the 
surface of the cam. As such, a predetermined difference in the radius of curvatures 
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requires a predetermined rotational force to move the cam out of the cavity. In other 
embodiments, the retainer mechanism may include notches, labs and other similar 
structures to secure the cams to hold the implant in the expanded position. Thus, in the 
expanded position, the portions of interior surfaces 31 that define the cavities 33 in the 
non-expanded position contact the cams 10 and resist movement of the cams 10 out of the 
expanded position. 

It will further be understood that exterior surfaces 32, while in one embodiment 
may be substantially semi-circular in shape, as shown in FIGS. 2-7, can be provided in a 
variety of other shapes. Moreover, it is contemplated that at least portions of surfaces 32 
may also include a variety of adaptations designed to secure them to the surface of a 
vertebral body. The surfaces 32 may include bumps, ridges, threads, spikes, grooves, slots 
or other features to ensure that the surfaces 32 securely contact the vertebral body and do 
not slip out of position. 

Additionally, each of end members 30 may include a truncated outer wall 30T 
(FIG. 1). Truncated wall SOT defines an access gap 38 that provides access to one of the 
cams 10 from the exterior of implant 8, Cam 10 may further include a tool receptacle 21, 
shown in FIGS. 3 and 5. Tool receptacle 21 can be provided in a wide variety of shapes, 
including but not limited to a PhilUps head shape, a flathead shape, a star shape, a hex- 
wrench shape, and a square shape. The receptacle 21 facilitates the expansion of the 
implant by receiving a tool (not shown) that may be tumed to cause the rotation of the 
cams 10. 

Additionally, implant 8 may further include an assembly connector device or 
mechanism to hold end members 30 together with the cams 10 and thus prevent the 
components of the implant firom becoming completely separated during handling and 
insertion into the intervertebral space. The assembly connector may include any structure 
that maintains a coimection between the end members 30 and the cams 10. One example 
is a fine wire encircling the ends and which may be permanent or biodegradable or 
absorbable. If permanent, it would not be strong enough to resist the expansion feature of 
the invention. In another connector example shown in FIGS. 6-7, implant 8 includes pins 
14 projecting through slots 37 in a wall 30C of each of the respective top and bottom end 
members 30. The pins are fixed in shoulders lOT of each of the cams 10. The slots 37 
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receive the pins 14 and the pins thus retain the end members 30 about the cams 10. The 
slots 37 are configm:ed to form a path defined by the pins 14 as the cams 10 rotate. If 
desired, an assembly connector device or mechanism may take the form of any shaped 
protrusion and corresponding slot, or any other device or mechanism that prevents the 
5 cams 10 and end members 30 from becoming completely separated during insertion or 

during handling prior to insertion of the implant. 

Additionally, referring to FIG. 1, implant 8 includes internal chamber ends 60, 
defined by walls 30c of end members 30, elongate connecting member 20, and by adjacent 
vertebral bodies 21 and 22 when the implant is inserted between the adjacent vertebral 

10 bodies. Chamber 60 may be filled with a material that promotes bone growth. A variety 

of such bone growth promoting materials may be used. For example, chamber 60 may be 
packed with a material composition including an osteoinductive factor such as bone 
morphogenetic protein (BMP) or LIM mineralization protein (LMP). For example, BPM- 
1, BMP-2 or BMP-1 1 might be used. Demineralized bone matrix (DBM), bone in 

15 particulate form such as chips or powder, might also be used. A conductive or scaffolding 

material might also be used. Examples are bone, or a bioceramic such as biocompatible 
calcium phosphate ceramics. Examples of those include biphasic calcium phospate, 
tricalcium phosphate, and preferably a hydroxyapatite paste material such as described in 
ETEX, Corp. U.S. Patents Nos. 6,331,312, 6,214,368, 6,117,456, and 6,027,742. 

20 Numerous methods 

could be used to fill chamber 60. For example a paste could be packed within chamber 60. 
Another alternative is to spool a collagen sheet coated with BMP around the coimecting 
member 20. The sheet may have a width substantially equivalent to the width of chamber 
60 defined by end members 30. Yet another possibility is to inject bone growth promoting 

25 material through the gaps 61 (FIG. 5) when the implant is in an expanded position. Also, 

if two implants according to this embodiment are positioned side-by-side within disc space 
"S", then space is provided for inserting bone growth promoting materials in chamber 60. 

In accordance with a second embodiment of the present invention, shown in FIGS. 
8-14, an expandable osteogenic fusion implant 200 includes a screw-type expansion 

30 member. Implant 200 includes end members with upper end portions 230a and lower end 

portions 230b, each having one or more threaded bores 23 1 (FIG. 1 1). In one version of 
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this second embodiment, shown in FIG. 8, elongate central members 233a and 233b 
extend between and connect the upper end portions 230a and the lower end portions 230b, 
respectively, of the end members. Alternatively, in another embodiment, and referring to 
FIG. 9, implant 210 includes only one elongate central member 233 extending between 
either the upper end portions 230U or the lower end portions 230L. In either case, the 
elongate central members 230a, b, or member 233, if only one is to be used, may be 
attached to the upper or lower end portions. Some examples of suitable attachment 
methods are welding, screwing or bolting. Alternatively, end portions 230a and 230b and 
the elongate central member portions 233a, b and member 233 may be manufactured as 
one piece. The implant 200 further includes screws 250, each having screw threads 251a 
and 251b and gear teeth 252 (FIGS. 10, 1 1 and 13). Referring to FIGS. 8 and 10, there are 
four of these screws although more or fewer screws may be utilized. The implant 200 also 
includes central axle 220 having central axle threads 221 at each end (FIG. 8) which act as 
a gear worm engaging the gear teeth 252 to tum the screws and expand the implant. 

Screw threads 251a at one end of screws 250 are left Imnd threaded, and screw 
threads 25 lb at the other end of screws 250 are right hand threaded. Thus rotating a screw 
250 about its longitudinal axis in a first direction will cause the screw 250 to thread itself 
into threaded bore 231 of upper end member 230a and into threaded bore 231 of lower end 
member 230b. Rotating a screw 250 in a second direction opposite the first will cause 
screw 250 to thread itself out of tlireaded bore 23 1 of upper end member 230a and thread 
itself out of threaded bore 231 of lower end member 230b. Altemately, each screw and 
bore may only be threaded at one end. In another embodiment, the upper and lower end 
portions are not connected by a central portion, and the screws and bores at opposite ends 
of the implant have differently pitched threads, thereby expanding each end at a different 
rate to impart a predetermined curvature to the adjacent vertebrae. 

Central axle 220 is positioned between upper end 230a and lower end 230b. 
Central axle 220 is further positioned so that central axle threads 221 contact gear teeth 
252 of each of the screws 250. This configuration forms a plurality of worm gears. When 
central axle 220 is rotated about its longitudinal axis, central axle threads 221 successively 
engage gear teeth 252 of the screws 250 thus causing the screws 250 to rotate about their 
longitudinal axes. Due to the fact that the screws 250 on each end of implant 200 are 
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positioned on opposite sides of the central axle 220, turning the central axle 220 will 
cause the screws 250 to turn in opposite directions as the central axle threads 221 engage 
the gear teeth 252. Thus, the rotation of central axle 220 causes the expansion of the 
implant by rotating the screws 250. 

It should be understood that screws 250 might include only one of tirreaded 
portions 251a and 251b, In such case, a smooth shank portion (not shown) may be 
substituted for the omitted one of threaded portions 25 la and 25 lb. Also, one of the upper 
end 230a and lower end 230b may have bores 23 1 that are unthreaded and that receive the 
smooth shank portions. While rotation of the screws will cause displacement of the end in 
which they are threaded, such as upper end 230a, the smooth shank portions of the screws 
will rotate freely in the unthreaded bores, such as in lower end 230b, and that end will not 
be displaced. The resulting expansion of implant 200 is shown in FIG. 13. 

Additionally, implant 200 may include tool receptacle 222 at one end of central 
axle 200 for receiving a tool to rotate the central axle and expand or contract the implant 
Tool receptacle 222 may have a variety of shapes including but not limited to a hexagonal 
wrench shape, a star shape, a Phillips head shape, a flathead shape, and a square shape. 
The implant 200 may further include locking cap 260 (FIG. 14) that connects to the end of 
the implant having tool receptacle 222 to prevent rotation of central axle 222. In one 
embodiment, locking cap 260 has an inside face 260a having a post 262 adapted to fit into 
turning tool receptacle 222. Locking cap 260 fiirther includes screw holes 261 to receive 
screws 230s inserted from the outside face and screwed into screw holes 230c and 23 Od 
after the desired expansion has been established. Thus, locking cap 260 is capable of 
preventing central axle 220 from rotating about its longitudinal axis by engaging post 262 
with tuming tool receptacle 222 and by ftirther engaging the engaging screws with upper 
end member 230a and lower end member 230b by passing them through screw holes 261 
and threading them into upper end member 230a and lower end member 230b. Other 
devices, such as pins, rivets or posts could be substituted for screws. 

In operation, since the central axle 220 drives screws 250 on opposite sides (i.e. the 
left and right sides as viewed in FIGS. 10 and 1 1) of central axle 220, the screws are 
tlireaded into threaded bores 23 1 of common upper end member 230a in opposite 
directions. Thus the screws 250 on opposite sides of the central axle 220 would tum in 
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opposite directions. So when axle 220 is rotated, the screws are simultaneously either 
threading into or out of the bores 23 1 , depending on the direction of shaft rotation. So 
they simultaneously move the member 230a in the same direction relative to the screws. 
As stated above, the threads on opposite ends of each screw may be oppositely threaded. 
So screws 250 are threaded into threaded bores 231 of the common lower end member 
230b in the direction opposite that in the common upper end member. Thus both ends of 
the screws 250 accomplish the same movement relative to the upper and lower end , either 
threading into or out of the bores 23 1 . 

In accordance with a third embodiment, referring to FIGS. 15-18, an expandable 
osteogenic fusion implant 300 includes a rack-and-pinion type expansion member, 
implant 300 includes upper end 330a and lower end 330b, having corresponding bores 
331 . Elongate central portions 333a and 333b extend between and connect the respective 
upper end portions 330a and the lower end portions 330b. Altematively, only one 
elongate central member 333 may be included extending between either the upper end 
portions 330a or the lower end portions 330b. In either case, the elongate central member 
may be permanently or removably attached to the end portions 330a and/or 330b, such as 
by welding, screwing or bolting. Altematively, the end portions 330a and 330b and the 
elongate member 333 may be formed as one piece. The implant 300 further includes gear 
racks 350, having rack teeth 351, disposed within each bore 331. The implant 300 also 
includes central axle 320 having central axle gear teeth 321 corresponding with rack teeth 
351 . Gear teeth 321 may be disposed directly on central axle 320 or, altematively, may be 
disposed on a separate pinion gear that is adapted to fit around the axle. 

In operation, rack teeth 351 of one rack 350 contact the gear teeth 321 on one side 
of the central axle 320. Rack teeth 35 1 of another rack 350 contact the gear teeth 321 on 
the other side of the central axle 320. This configuration forms a plurality of rpks and 
pinions. Central axle 320 is positioned intermediate upper end 330a and lower end 330b. 
When central axle 320 is rotated about its longitudinal axis, central gear teeth 321 
successively engage teeth 351 of the racks 350 thus cause the racks 350 to be displaced. 
Due to the fact that the racks 350 are positioned on opposite sides of the central axle 320, 
rotation of the central axle 320 will cause the racks 350 to be displaced in opposite 
directions when the gear teeth 321 engage the respective rack teeth 351. Thus when 
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adjacent racks 350 are displaced, one of them will come into contact with the end of bore 
331 in upper end member 330a and the other will come into contact with the end of bore 
331 in lower end member 330b. When the racks contact bore ends in 330a and 330b, they 
will exert forces upon them. The force exerted upon the upper end member 330a will be 
5 in a first direction and the force exerted upon the lower end member 330b will be in a 

second opposite direction. Due to the opposing nature of these forces, rotating central axle 
320 will cause the expansion of the implant 300, In another embodiment similar to 
implant 300, referring to FIG. 18, an implant 300 may further include springs 370, 
disposed in bores 331. Springs 370 contact racks 350 and bores 33 1 and exert a force 

10 upon racks 350 to assist in the expansion of the implant. Springs could be added to 

implants 200 and 210 (FIGS. 8-13), if desired. 

Further, referring to FIG. 16, central axle 320 includes a tool receptacle 322 at one 
end. Tool socket 322 may be provided in a variety of shapes including, but not limited to 
a hexagonal wrench shape, a star shape, a Phillips head shape, a flathead shape, and a 

15 square shape. Rotation of the central axle 320 may be accomplished by inserting the tool 

into the tool receptacle 322 and rotating the tool. A T-handled Allen wrench is one 
example of a tool. The implant may fiirfher include a locking cap 260, as shown in FIG. 
14 and functioning as described above, including a post 262 adapted to fit into turning tool 
receptacle 322. 

20 Additionally, implant 300 may include ratcheting mechanisms 389 (FIG. 17) 

disposed in recess 380 formed in bores 331 of upper end 330a and lower end 330b. 
Suitable ratcheting mechanisms 389 include, for example, axles 390 and engaging bodies 
391 . Recesses 380 allow the engaging bodies 391 to pivot in a first direction, but to 
prevent pivoting past a certain position in a second opposite direction. Engaging bodies 

25 391 are shaped to fit between and engage the rack teeth 351 (FIG. 17). When racks 350 

are displaced in a first direction, rack teeth 351 exert a force on engaging bodies 391 and 
cause them to pivot in a first direction and move partially into recesses 380, and then the 
bodies pivot back into the next successive space betv^^^een the teeth as the rack is further 
displaced. In their original position, the bodies 391 contact one side of recesses 380, 

30 thereby preventing pivoting of the bodies in that direction. When engaging bodies 391 

can no longer pivot and are positioned intermediate the rack teeth 351, the rack 350 is 
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prevented from moving further in the second direction. In this manner, the implant may 
be ratcheted open. Additionally, a biasing member such as a spring may be used to force 
the body in the non-pivoting position. Other ratcheting mechanisms could be substituted 
for ratcheting mechanisms 389. For example, mechanisms that do not pivot, but flex, 
could be used. 

In another embodiment of the invention, variations include biasing-type expansion 
members. Referring specifically to FIGS. 20-24, implant 400 includes upper and lower 
end 430a and 430b having cavities 451a and 451b. Elongate central member 433 extends 
between lower ends 430b. Alternatively, elongate central member 433 may extend 
between the upper ends 430a. In another altemative, an upper and a lower elongate central 
member may extend, respectively, between the upper end member 430a and the lower end 
member 430b. In any case, the elongate central member 433 may be fixably or removably 
attached to the end 430a and/or 430b, such as welding, screwing or bolting. Alternatively, 
the end and the elongate member may be formed as one piece. 

The expandable osteogenic fusion implant 400 further includes bodies 450 having 
upper surfaces 451a and lower surfaces 451b abutting the ends of the bores in each end 
430a and 430b. The bodies 450 are made of a material that is capable of assuming 
multiple shapes. One of ordinary skill in the art will appreciate that a wide variety of 
materials and structures may be used to construct bodies 450. For example, bodies 450 
may be made of a shape memory alloy. In this case the bodies 450 could be designed to 
change shape or, altematively, to expand when subjected to specific environmental 
conditions, such as heating or cooling the implant. The implant 400 of FIGS. 20-24 have a 
single body in each end member, while FIG. 25 shows how two bodies could be used in an 
end member. Phase change expansion of a few millimeters may be achieved. 

Bodies 450 may be compressible bodies. Some examples are a poljnner or other 
elastomer or a spring. Suitable examples of a spring includes coil springs, leaf springs, 
springs made of shape memory alloy and any other spring-like member. In these cases, an 
external force applied to the bodies (as by a tool) causes the bodies 450 to assume a 
compressed state, and the bodies 450 could then be held in that state until the implant is 
inserted into the desired surgical position. At that time the force compressing the bodies 
450 could be released or reduced and the bodies could reassume a relaxed state, thereby 



wo 2004/026188 



PCT/US2003/029155 



18 

expanding the implant by a predetennined amount The variation 420 shown in FIG. 19 is 
an example using coil springs 450c as the compressible body. 

In the FIG. 25 variationj implant 410 may include multiple bodies 450 of either a 
phase change type of material or a compressible body disposed within the ends 410a and 
410b to cause expansion of the implant. 

It is of note that, when viewed along fheir longitudinal axes, the implants described 
above are circular. Their ends have a short cylindrical shape. 

Referring now to FIGS. 26-50, the reference numerals used for implant 
components having functions similar to or identical to those described above with 
reference to FIGS. 1-25, are as used in FIGS. 1-25 but with the letter R in front of them. 
These implants, when viewed along their longitudinal axes, are rectangular. Their ends 
have the shape of a short parallelepiped. 

A set of barbs 510 is provided on each of the end members R30 so that, after 
pushing or impacting the implant in the direction of arrow 520 into the intervertebral 
space, there will be added resistance to movement in the opposite direction out of the 
space. These barbs can be provided on the top surface and bottom surface such as shown 
at the top and bottom in FIGS. 26, 27, 29, 3 1, and 32, extending entirely across the 
implant. They can also be provided in other shapes, numbers and in multiples across one 
row with various spacings, as desired. They are not shown in FIGS. 28 and 30 in order to 
avoid congestion in the illustration where the intent is to show, in FIG. 28, slight spacing 
between the vertebral endplates and the top and bottom of the end members R30, and to 
show in FIG. 30 the closure of flie space between the end members and the vertebral plates 
as the implant has been expanded. Barbs are also shown on the top and bottom faces of 
the end members of variation R210 in FIG. 34. As indicated above, barbs can be omitted 
from one or both end members of these and the other embodiments, if desired. This can 
be observed in FIGS. 33, 35-38, 40, 41, and 43-50, for example. 

In the various embodiments of FIGS. 1-25, the end can be externally screw 
threaded as shown at 65 for example in FIG. 1 , so that they can be screwed into the 
intervertebral disc space, if desired. Even without threads, they can be simply pushed or 
impacted into the space. The embodiments of FIGS. 26-50 can be pushed or impacted into 
the space regardless of whether they are provided without barbs or with barbs such as 
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shown in FIG. 26 for additional anchorage. But due to the fact that the implants are 
expandable, they can be made small enough that they can be inserted into the 
intervertebral space without impacting them and then they can be expanded to maintain 
the desired spacing of the plates of the adjacent vertebral bodies, according to the present 
invention. 

While the invention has been illustrated and described in detail in the drawings and 
foregoing description, the same is to be considered as illustrative and not restrictive in 
character, it being understood that all changes and modifications to the described 
embodiments that come within the spirit of the invention are desired to be protected. 
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What is claimed is: 

1 . A spinal implant positionable in an intervertebral disc space between 
adjacent vertebral bodies in a spine and comprising: 

a first cam; 

a first member for contacting an endplate of one of the adjacent vertebral bodies, 
the first member having a first surface, at least a portion of the first surface being in 
physical contact with a portion of the first cam; 

a second member for contacting an endplate of the other of the adjacent vertebral 
bodies, the second member having a second surface, at least a portion of the second 
surface being in physical contact with a portion of the first cam; and 

wherein the first cam is capable of causing one of the first member and the second 
member to move apart fi:om the other of the first and second member without the first cam 
xmdergoing substantial translational displacement. 

2. The implant of claim 1 and further comprising: 
an assembly connecting mechanism. 

3 . The implant of claim 2 wherein: 

the assembly connecting mechanism includes a first object protruding from the 
first cam; and 

a slot in the first member shaped to receive the first object. 

4. The implant of claim 1 further comprising: 
a second cam; 

a third member for contacting the endplate of the one of the adjacent vertebral 
bodies, the third member having a third surface, at least a portion of the third surface being 
in physical contact with a portion of the second cam; 
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a fourth member for contacting the endplate of the other of the adjacent vertebral 
bodies, the fourth member having a fourth surface, at least a portion of the fourth surface 
being in physical contact with a portion of the second cam; 

an elongate member extending intermediate the first cam and the second cam, the 
elongate member having a first end region attached to one of the first cam and the second 
cam and a second end region attached to the other of the first cam and the second cam. 

5. The implant of claim 4 wherein the first member and the second member 
are spaced apart from the third member and the fourth member thereby defining walls for 
an intermediate chamber between and commimicable with the endplates of both of the 
adjacent vertebral bodies. 

6. The implant of claim 5 fijurther comprising an osteogenic fusion promoting 
material disposed between said walls for engagement with the endplates of the adjacent 
vertebral bodies. 

7. The implant of claim 6 wherein the osteogenic fusion promoting material is 
selected firom the group consisting of BMP, LMP, and DBM. 

8. An expandable spinal implant positionable in an intervertebral disc space 
between adjacent vertebral bodies in a spine and comprising: 

a first member for contacting an endplate of one of the adjacent vertebral bodies, 
the first member defining a first bore, the first bore having a first threaded bore portion; 
a second member for contacting an endplate of the other of the adjacent vertebral 

bodies; 

a screw having a first threaded screw portion and a gear tooth screw portion, the 
first threaded screw portion being at least partially threaded into the first bore, the screw 
contacting the second member in a manner permitting the screw to rotate; and 

an axle having a threaded axle portion, the threaded axle portion contacting the 
gear tooth screw portion such that rotation of the axle moves the first and second members 
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from a first relative spacing to a second relative spacing, to simultaneously expand the 
implant in the intervertebral space and against the endplates. 

9. The implant of claim 8 and further comprising: 

a third member for contacting the endplate of the one of the adjacent vertebral 
bodies, the third member having a bore; 

a fourth member for contactmg the endplate of the other of the adjacent vertebral 

bodies; 

a second screw having a threaded screw portion and a gear tooth screw portion, the 
threaded screw portion of the second screw being at least partially threaded into the bore 
of the third member, and the second screw contactmg the fourth member in a maimer 
permitting the second screw to rotate; 

the first member and the second member being spaced apart from the third member 
and the fourth member, respectively, for defining in the intervertebral disc space between 
the adjacent vertebral bodies, walls of an intermediate chamber in communication with 
said endplates of both of the adjacent vertebral bodies. 

10. The implant of claim 9 and further comprising: 

a bone growth inducing material disposed in the space between the first and third 
member and in the space between the second and fourth member for communication 
through the chamber with the said endplates of both adjacent vertebral bodies. 

1 1 . The implant of claim 8 further comprising a locking cap having a 
peripheral protruding element capable of engaging the axle and one of the fia:st member 
and the second member to prevent the axle from rotating. 

12. The implant of claim 8 wherein: 
the second member defines a second bore; 

the screw is partially disposed within said second bore. 
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1 3 . The implant of claim 12 wherein: 

the second hore has a second threaded bore portion; and 

the screw has a second threaded screw portion, the second threaded screw portion 
being at least partially threaded into the second bore. 

14. The implant of claim 13 wherein: 

the screw is one of a plurality of screws having threaded screw portions and gear 
tooth portions; 

the first bore is one of a first plurality of bores defined by the first member; 
the second bore is one of a second plurality of bores defined by the second 
member; 

each of the screws has its first threaded screw portion at least partially threaded 
into one of the first plurality of bores, and each of the screws has its second threaded 
screw portion at least partially threaded into one of the second plurality of bores; 

the threaded axle region contacts the gear tooth portion of each of the screws. 

15. An expandable spinal implant positionable in an intervertebral disc space 
between adjacent vertebral bodies comprising: 

a first member for contacting an endplate of one of the adjacent vertebral bodies; 
a second member for contacting an endplate of the other of the adjacent vertebral 

bodies; 

a rack having a plurality of gear teeth, the rack contacting one of the first member 
and the second member; 

an axle having a pinion gear, the axle contacting the other of the first member and 
the second member in a manner permitting the axle to rotate, the pinion gear contacting at 
least one of the plurality of gear teeth of the rack, such that rotation of the axle moves the 
fibrst and second members firom a first spacing of the first member relative to the second 
member, to a second spacing of the first member relative to the second member to expand 
the members against the endplates of the adjacent vertebral bodies. 
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16. The implant of claim 1 5 wherein one of the first member and the second 
member includes a ratcheting mechanism contacting at least one of the plurality of gear 
teeth of the rack, the ratcheting mechanism having a first position permitting displacement 
of the rack in a first direction and a second position preventing displacement of the rack 
past a certain distance in a second direction. 

1 7. The implant of claim 1 5 wherein the rack is partially disposed within a bore 
extending between the first member and the second member. 

18. The implant of claim 15 wherein: 
the rack is one of a plurality of racks; 

the pinion gear contacts at least one of the plurality of gear teeth of each of the 

racks. 

19. The implant of claim 1 8 wherein a first one of the racks exerts a first force 
on one of the first member and the second member when the rack is displaced, and 
wherein a second one of the racks exerts a second force on the other of the first member 
and the second member when the second rack is displaced. 

20. The implant of claim 15 and finther comprising: 

a third member for contacting the endplate of the one of the adjacent vertebral 

bodies; 

a fourth member for contacting the endplate of the other of the adjacent vertebral 

bodies; 

a second rack having a plurality of gear teeth, the second rack contacting one of the 
third and fourth members; 

said axle having a second pinion gear, the axle contacting the other of the third and 
fourth members, the second pinion gear contacting at least one of the plurality of gear 
teeth of the second rack such that rotation of the axle moves the third and fourth members 
firom a first spacing of the third member relative to the fourth member to a second spacing 
of the third member relative to the fourth member . 
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2 1 . The implant of claim 20 and wherein: 

the first member and second member are spaced apart from the third member and 
the fourth member, respectively, for defining in the intervertebral disc space between the 
adjacent vertebral bodies, walls of an intermediate chamber in communication with said 
endplates of both of the adjacent vertebral bodies. 

22. The implant of claim 21 and further comprising an osteogenic fusion 
promoting material disposed within the chamber. 

23 . The implant of claim 22 and wherein the fiision promoting material is 
selected from tlie group consisting of consisting of BMP, LMP, and DBM. 

24. A an expandable spinal implant positionable in an intervertebral disc space 
between the endplates of adjacent vertebral bodies comprising: 

a first component having a first longitudinal axis and having members spaced apart 
along said axis, said members having portions for engagement with the endplate of one of 
said vertebral bodies, and said members having surfaces for defining walls of a first 
chamber communicating with said endplate; 

a second component having a longitudinal axis and members spaced apart along 
said second axis, said members of said second component having portions for engagement 
with the endplate of the other of said vertebral bodies, and said members of said second 
component having surfaces for defining walls of a second chamber for communicating 
with the endplate of said other vertebral body; and 

a biasing member engaging said first component and said second component for 
expanding the implant from a first configuration to a second configuration, a first portion 
of the biasing member being in contact with the first component and a second portion of 
the biasing member in contact with the second component, the biasing member being 
compressed when the implant is in the first configuration. 
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25. An implant as in claim 24, wherein: 

the biasing member is selected from a group consisting of a spring, a shape- 
memory alloy, and a compressible material. 



5 26. An expaadable spinal implant for insertion within the disc space between 

adjacent vertebral bodies, comprising: 

a first end member having a first engagement portion spaced apart from a second 
engagement portion each for engaging the endplate of one of the adjacent vertebral bodies; 
a second end member having a third engagement portion spaced apart from a 
10 fourth engagement portion each for engaging the endplate of the other one of the adjacent 

vertebral bodies; 

an expansion member contractible with the first end member and the second end 
member, the expansion member having a first state corresponding to a first spacing 
between the first end member and second end member along a first axis substantially 
15 corresponding to a height of the disc space, and a second state corresponding to a second 

spacing between the first end member and the second end member along the first axis, 
wherein the second spacing is greater than the first spacing; and 

wherein the first end member and the second end member define an intermediate 
chamber between the respective engagement portions for commimication with the 
20 endplates of each of the adjacent vertebral bodies. 

27. The spinal implant of claim 26, wherein the expansion member maintains 
substantially the same position in a plane perpendicular to the first axis in both the first 
state and the second state. 

25 

28. The spinal implant of claim 26, further comprising: 

a bone growth inducing material positioned within the intermediate chamber. 



30 



29. The spinal implant of claim 26, wherein the expansion member is selected 
from the group consisting of a cam mechanism, a screw mechanism, a rack-and-pinion 
mechanism and a biasing mechanism. 
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30. A spinal implant for insertion within the disc space between adjacent 
vertebral bodies and comprising: 

a first end member having a first portion for engaging an endplate of one of said 
adjacent vertebral bodies and having a second portion for engaging an endplate of the 
other of said adjacent vertebral bodies, the first portion and second portion being spaced 
apart; 

a second end member having a third portion for engaging the endplate of one of 
said adjacent vertebral bodies and having a fourth portion for engaging the endplate of the 
other of said adjacent vertebral bodies, the third portion being spaced apart fi:om the fourth 
portion; and 

means engaging said first and second end members for changing spacing between 
said first and second portions and for changing the spacing between said third and fourth 
portions. 

3 1 . The spinal implant of claim 30 and wherein the means for changing the 
spacing is selected from the group consisting of a cam mechanism, a screw mechanism, a 
rack and pinion mechanism, and a biasing mechanism. 

32. The spinal implant of claim 30 and wherein the means for changing the 
spacing is selected firom a group consisting of a shape-memoiy alloy, a compressible 
elastomer, and a metal spring. 

33. The spinal implant of claim 30 and further comprising: 

an elongate member intermediate said first end member and said second end 
member for cooperating with faces of said first and second end members to define a 
chamber between the endplate of said one vertebral body and the endplate of said other 
vertebral body for receiving bone growth inducing material within said chamber. 
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34. The combination of claim 33 and further comprising: 

bone growth material received between said end members and around said 
elongate member to fill said chamber. 

35. The combination of claim 34 and wherein the bone growth inducing 
material is selected from a group consisting of bone, BMP, LMP, and DBM. 

36. The spinal implant of claim 30 and wherein: 

said first and second end members have a cylindrical shape. 

37. The spinal implant of claim 30 and wherein: 

said first and second end members have a rectangular shape. 

38. The spinal implant of claim 30 and wherein said first and second end 
members have short cylindrical shapes. 

39. The spinal implant of claim 30 and wherein: 

the first and second end members have short parallelepiped shapes. 

40. The spinal implant of claim 30 and further comprising: 

an elongate member connected to said first and second end members and having a 
central axis; and 

said first and second end members being cylindrical with axes colinear to the axis 
of said elongate member. 

41 . The spinal implant of claim 40 and further comprising: 
surface projections from said portions for engaging said vertebral bodies. 

42. The spinal implant of claim 30 and further comprising: 

an elongate member connected to said end members and having a longitudinal 
axis; and 
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said end members are polygonal in spaced planes perpendicular to said 
longitudinal axis. 

43 . The spinal implant of claim 42 and wherein: 

said portions for engaging said vertebral bodies have surface projections for 
anchoring in said vertebral bo4ies. 

44. The spinal implant of claim 43 and wherein: 
said surface projections are barbs. 

45. A method of promoting osteogenic fusion of adjacent spinal vertebral 
bodies comprising: 

providing an implant that defines a chamber intermediate spaced portions of the 

implant and botihi of the adjacent vertebral bodies; 

providing the implant substantially intermediate the adjacent vertebral bodies; and 
expanding the implant in a manner that substantially maintains communication of 

the adjacent vertebral bodies through the intermediate chamber. 

46. The method of claim 30 further comprising: 

placing osteogenic fusion promoting material into the chamber. 

47. The method of claim 3 1 wherein: 

at least a portion of the osteogenic fiision promoting material is bone. 

48. The method of claim 3 1 wherein: 

providing the implant includes providing a first end portion of the implant and a 
second end portion of the implant and an elongate central portion of the implant extending 
intermediate the first and second end portions, with the central portion of the implant 
extending intermediate the first and second end portions and through the chamber; and 
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the fusion promoting material is selected from a group including bone chips, 
demineralized bone matrix, hydroxy apatite, and calcium phosphate, 

49. The method of claim 48 and wherein: 

expanding the implant is performed by changing its state from a furst state to a 
second state by changing the height of the implant in the space between the adjacent 
vertebral bodies without translation of Ihe implant relative to the vertebral bodies. 
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LATERALLY EXPANDABLE CAGE 
BACKGROUND 

The present invention generally concerns spinal implants, and more specifically, 
but not exclusively, concerns a laterally expandable vertebral implant, 

A major cause of persistent, often disabling, back pain can arise by disruption of 
the disc annulus, chronic inflammation of the disc, or relative instability of vertebral 
bodies surrounding a given disc, such as mig|ht occur due to a degenerative disease. In the 
more severe cases, some form of mechanical limitation to the movement of the vertebme 
on either side of the subject disc is necessary. In such cases, the disc tissue is irreparably 
damaged, thereby necessitating removal of the entire disc. However, when the disc 
nucleus is removed without subsequent stabilization the same disabling back pain often 
reoccurs due to persistent inflammation and/or instability. 

Various approaches have been developed to stabilize the adjacent vertebral bodies 
following excision of this material. In one approach, two adjacent vertebrae are fiised 
together through a fiision device that is implanted between the vertebrae. Many of these 
existing implant designs have drawbacks that lower the spinal fusion rates. Among these 
design drawbacks, one such flaw is that the implants subside into the vertebral end plates, 
thereby reducing the spacing between the vertebral bodies. With prior fusion devices, and 
even some prosthetic devices, a large portion of the load is placed against the weakest part 
of the vertebral body, which can lead to cavitation of the device into the surrounding 
vertebral endplates with subsequent collapse of the inner discal space and even damage of 
the vertebrae itself. Another fi'equent cause for subsistence is created by having a small 
area of contact between the implant and the endplates. As one should appreciate, the less 
surface area of contact between the implant and the end plates, the greater the risk of 
subsistence. 

Another flaw of many implants is the lack of stability created after implantation. 
Stability is crucial to the success of a fusion. The implant must be securely fixated to the 
vertebral bodies in order to ensure that no movement occurs between the two. If 
movement does occur between the vertebral bodies and the implant, the bone may not 
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properly fuse, thereby creating stability problems. Moreover, some designs limit the 
amoimt of graft material, which may be able to be used with the implant. The larger area 
of graft material that is able to contact the endplates, the better chances of a good, solid 
bone growth between the two vertebrae. 

Some designs have created implants in which the majority of the implant is 
positioned over the harder cortical bone of the apophyseal ring of the vertebrae in order to 
reduce the chances of subsistence. However, with these designs, the implant is made from 
multiple separate components that are individually assembled together within the disc 
space. Each component is implanted separately and then attached to one another within 
the disc space. As should be appreciated, assembhng such an implant in the disc space 
can be rather difScult Such implants also tend to lack a stiff central body, which is 
essential to the stability of the implant as well as entire ftision construct Moreover, such, 
implants have no mechanism to fix the implant to the vertebral body. Typically, one has 
to use bone screws to secure the implant to the vertebral bodies, which makes the 
implantation process more complicated and difficult. In addition, such implants generally 
have a single lateral width, and therefore, it is generally very difficult, if not impossible, to 
adjust for differently sized vertebrae. Another flaw is that these designs typically do not 
provide a mechanism for ensuring that the spacers are properly positioned. Since the 
lateral spacers of these types of implants are independently assembled within the disc 
space, the lateral members can be positioned at unequal positions along the apophyseal 
ring, thereby increasing the risk that the implant will subside into the vertebral end plates. 

SUMMARY 

In one aspect, a spinal implant includes a cage defining an interior cavity and an 
expansion mechanism received in the cavity of the cage. A pair of wings are operatively 
coupled to the expansion mechanism, and the wings each have opposing vertebrae 
engaging surfaces that are configured to engage opposing vertebrae. The expansion 
mechanism is opemble to laterally move the wings between the vertebrae from a compact 
configuration in which at least a majority of the wings are received in the cavity of the 
cage to an expanded configuration in which the wings extend from the cage with the 
vertebrae engaging surfaces on each of the wings engaging the vertebrae. 
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Another aspect concerns a fusion device for implanting between opposing 
vertebrae that define a disc space. The device includes a central member and at least one 
pair of lateral members slidably coupled to the central member. The device farther 
includes means for extending the lateral members jBrom the central member into the disc 
space between the vertebrae with each of the lateral members engaging both of the 
vertebrae. 

In a further aspect, an apparatus includes a spinal implant. The spinal implant 
includes a central member defining an interior cavity and a pair of openings defined on 
opposite sides of the central member that open into the interior cavity. A pair of wings are 
slidably received in the openings in the central member. A shaft is coupled to the wings, 
and the shaft has at least one threaded portion threadedly engaging at least one of the 
wings. 

BRIEF bESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top perspective view of a spinal implant according to one raibodiment 
in an expanded configuration. 

FIG. 2 is an exploded view of the FIG. 1 implant. 

FIG. 3 is a top perspective view of the FIG. 1 implant in a compact configuration. 
FIG. 4 is an end view of the FIG. 1 implant in a compact configuration. 
FIG. 5 is a top perspective view of the FIG. 1 implant in an expanded 
configuration. 

FIG. 6 is an end view of the FIG. 1 implant in an expanded configuration. 
FIG. 7 is a perspective view of the FIG. 1 implant attached to an inserter tool. 
FIG. 8 is an enlarged, perspective view of the FIG. 1 implant coupled to the FIG. 7 

tool. 

FIG. 9 is a partial cross-sectional view of the FIG. 1 implant positioned in an 
interdiscal space in an expanded configuration. 

FIG. 10 is a side view of the FIG. 1 implant in the interdiscal space. 

FIG. 1 1 is a top view of the FIG. 1 implant in the interdiscal space. 

FIG. 12 is a perspective view of a spinal implant according to another embodiment. 
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DETAILED DESCRIPTION 

For the purposes of promoting an understanding of the principles of the present 
invention, reference will now be made to the embodiments illustrated in the drawings, and 
specific language will be used to describe the same. It will nevertheless be understood 
that no limitation of the scope of the invention is intended thereby. Any alterations and 
further modification in the described processes, systems, or devices, and any fiirther 
applications of the principles of the invention as described herein are contemplated as 
would normally occur to one skilled in the art to which the invention relates. Some 
embodiments of the invention are shown in great detail, although it will be apparent to 
those skilled in the relevant art that some of the features may not be shown for the sake of 
clarity. 

A laterally expandable spinal implant 100 according to one embodm 
present invention will now be described with reference to FIGS. 1-6. As shown in FIGS. 1 
and 2, the implant 100 includes a central member or cage 102, a pair of lateral members or 
wings 104 that are adapted to laterally extend from the cage 102, and an expansion 
mechanism 106 (or means) that is operable to extend the wings 104. In the illustrated 
embodiment, the expansion mechanism 106 includes a tumbuckle or threaded shaft 108 
that connects the wings 104 together. In other embodiments, the expansion mechanism 
can include hydraulic pistons, mechanical linkages, and the like. The shaft 108 includes a 
gear 110 that is centrally located on the shaft 108 between opposing threaded portions 1 12 
and 1 14. In one embodiment, threads 1 16 on the threaded portions 112 and 1 14 are 
oppositely threaded (i.e., one is a left handed thread and the other is a right handed thread.) 
In one form of the present invention, the threads 116 of the threaded portions 1 12 and 1 14 
have an equal pitch such that the wings 104 are able to extend from the central member 
102 at the same rate. This ensures that the implant 100 has a symmetrical configuration, 
which in turn aids in centering the implant 100 over the vertebrae. The threaded portions 
1 12 and 1 14 threadedly engage threaded openings 118 that are defined in each of fhe 
wings 104. In another embodiment, only one end of fhe shaft 108 is threaded, while the 
other end of the shaft 108 is unthreaded. With this embodiment, the wings 104 are still 
extended by rotating the shaft 108. 
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Implant 100 further includes a lock mechanism 120 that is used to lock the wings 
104 in an expanded configuration in which the wings 104 laterally extend from the cage 
102. In the emhodiment illustrated in FIG. 1, the lock mechanism 120 includes lock 
cavities 122 that are defined in each of the wings 104 next to the threaded openings 118. 
As illustrated in FIG. 2, the lock cavities 122 open into the threaded opening 1 18 in the 
wings 104. In one embodiment, each lock cavity 122 is only partially threaded such that 
once the wings 104 are in the expanded configuration, the shaft 108 can be slid from the 
threaded opening 118 into the lock cavity 122. By being only partially threaded near the 
entrance of the cavity 122, the shaft 108 is unable to rotate such that the wings 104 are 
unable to be retracted. In another embodiment, the lock cavity 122 is unthreaded, but has 
a depth shallower than the threaded opeiungs 1 18 so as to keep the wings 104 in the 
expanded configuration, when the shaft is moved into the lock cavities 122. 

Referring to FIG. 2, each wing 104 includes opposing vertebrae engagmg surfaces 
202 that are configured to engage opposing vertebrae, as well as medial 204 and lateral 
206 side surfaces. As shown, the wings 104, according to the illustrated embodiment, 
have a generally tapered shape so as to coincide with the vertebral endplate geometry. 
The vertebrae engaging surfaces 202 generally taper firom the medial sides 204 to the 
lateral sides 206. To further reduce trauma upon insertion of the implant 100, the wings 
104 have beveled edges 208 between the vertebrae engaging surfaces 202 and the lateral 
surfaces 206. In the illustrated embodiment, the medial sides of the wings 104 are 
generally flat so as to allow the wings 104 to contact one another in a compact state when 
the wings 104 are retracted within the cage 102. The medial sides 204 of the wings 104 
define access channels 210 around the threaded opening 1 14 and the lock cavity 122. In 
one form, access channel 210 is sized to receive the gear 1 10 on the shaft 108. The access 
channel 210 has an opening 212 that allows the physician to gain access and rotate the 
gear 1 10 so as to expand the implant 100. In the illustrated embodiment, the lateral sides 
206 have a generally curved shape in order to coincide with the shape of the apophyseal 
ring of the vertebrae. 

With continued reference to FIG. 2, the cage 102 has a proximal or tool engaging 
end wall portion 214, an opposite distal end wall portion 216, and a pair of opposing 
lateral wall portions 218 that together define an interior cavity 220. The cage 202 further 
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has a pair of opposing vertebrae engaging surfaces 222 that are configured to engage 
opposing vertebrae. To coincide with vertebrae geometry, surfaces 222 in the illustrated 
embodiment are tapered such that surfaces 222 angle towards one another from the 
proximal end wall portion 214 to the distal end wall portion 216. As shown, the interior 
cavity 220 extends through both vertebrae engaging surfaces 222. In the illustrated 
embodiment, the cage 102 has a generally rectangular shape. The vertebrae engaging 
surfaces 222 can include texturing so as to prevent expulsion of the implant 100 from the 
vertebrae. For instance, the vertebrae engaging surfaces 222 in the illustrated embodiment 
have ridges 224 that aid in preventing exqpulsion of the implant 100. As should be 
appreciated, in other forms of the present invention, the vertebrae engaging surfaces 222 
can include other t5^es of texturing for preventing expulsion of the implant 100. The 
proximal end wall portion 214 defines a tool opening 226 through which an insertion tool 
can be inserted into the interior cavity 220, and lateral walls 2V& define wing openings 228 
through which the wings 104 are slidably received into the interior cavity 220. 

FIGS. 3 and 4 illustrate the implant 100 when in a compact state in which the 
wings 104 are retracted inside the interior cavity 220. As shown in FIG. 3, the wmgs 104 
have one or more guide rails 302 that engage corresponding guide channels 304 formed 
around the wing openings 228. In the illustrated embodiment, each wing 104 has four 
guide rails, with a pair positioned along each opposing vertebrae engaging surface 202 of 
the wing 104. In order to provide ftirfher stability, the guide rails 302 and the 
corresponding channels 304 in the illustrated embodiment have a general dovetail shape. 
Moreover, as discussed in further detail below, the dovetail shape of the guide rails 302 
ensure that the wings 104 remain secure in the vertebrae once implanted. When the 
implant 100 is in a compact state, the majority of the wings 104 are received in the interior 
cavity 220 of the cage 102. In the compact state, flie medial sides 204 contact each other 
and the entrances 212 of the access channels 210 define an access opening 306 through 
which an insertion tool can gain access to gear 1 10 on shaft 108 in order to rotate the shaft 
108. 

As previously mentioned, the gear 1 10 is used to rotate the shaft 108, thereby 
causing the wings 104 to extend from the cage 102, FIGS. 5 and 6 show the implant 100 
with the wings 104 in a laterally expanded state in which the wings 104 extend from the 
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cage 102. As should be appreciated, the expansion mechanism 106 allows the wings 104 
to extend at varying distances from the cage 1 02 such that the size of the implant 1 00 can 
be adjusted to correspond to the size of the selected vertebrae. As shown in FIG. 6, outer 
lateral ends 402 of the guide rails 302 define an inward notch 404 such that the outer 
lateral ends 402 form cutting edges 406. As the wings 104 are extended, the cutting edges 
406 cut channels into the vertebrae. The cutting edges 406 act like spikes to embed the 
wings 104 into the vertebral endplates. Once the wings 104 are extended, the dovetail 
shape of the guide rails 302 help to ensure that the wings 104 are firmly secured to the 
vertebrae. Once the wings 104 are in the desired extended position, the shaft 108 is then 
slid into the lock cavity 122 (FIG. 2) in order to lock tite wings 104 in the desired extended 
position. After implantation, bone graft material can be packed into the interior cavity 220 
via tool opening 226 to promote fusion of the vertebrae. With the wings 104 slightly 
extended, bone graft materiaFcan even be packed before implantation. Following 
implantation, the interior cavity 220 provides a large area in which a ftision mass can be 
formed between the vertebrae. 

An implant inserter assembly 700 that includes the implant 100 coupled to an 
inserter 702 according to one embodiment of the present invention is illustrated in FIGS. 7 
and 8. The inserter 702 includes a driving handle 704, an actuation knob 706, a shaft 
portion 708, a gripping knob 710 and a head portion 712. In the illustrated embodiment, 
the handle portion 704 is solid and includes an impaction surface 714 against which a 
hammer or the like can strike to drive implant 100 between the vertebrae. The actuation 
knob 706 is connected to a drive shaft 802, which extends firom the actuation knob 706, 
through the shaft 708, and through the head 712. When the implant 100 engages the 
inserter 702, the actuation knob 706 is able to extend the wings 104. As shown in FIG. 8, 
the drive shaft 804 has at one end a drive gear 804 with teeth 806 that engage an 
intermediate gear 808 that is coupled to the head 712 through a carrier member 810. 
During implantation, the intermediate gear 808 engages gear 1 10 on the shaft 108 of the 
implant 100. As the actuation knob 706 is rotated, tiie drive shaft 802 rotates drive gear 
804. In turn, the drive gear 804 rotates the intermediate gear 808, which then is used to 
rotate the shaft 108 in order to extend the wings 104. The gripping knob 710 is rotated in 
order to extend gripping fingers 812 inside the interior cavity 220 such that the inserter 
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702 engages the tool opening 226 of the implant 100. The gripping knob 710 and the 
gripping fingers 812 can be optional, such that in one embodiment knob 710 and fingers 
812 are not included. To provide a large surface area for impaction, the head 712 has a 
generally rectangular shape to generally coincide with the shape of the proximal end wall 
portion 214 of the implant 100. 

FIGS. 9, 10 and 1 1 show various views of the implant 100 when implanted 
between adjacent vertebrae 902 and 904. Before implantation, a portion of the annulus is 
removed to create a larger disc space for the implantation of the implant 100. The 
vertebral end plates are prepared by removing cartilaginous material connected to them. A 
window 906 J which generally corresponds in shape and size to the cage 102, is formed in 
both vertebrae 902 and 904. Before implantation, the wings 104 are positioned in their 
retracted position inside the interior cavity 220 of the implant 100, and the implant 100 is 
attached to the inserter 702 in the maimer as illustrated in FIG. 7. The implant 100 is then 
impacted into the window 906 formed between vertebrae 902 and 904. Rotation of the 
actuation knob 706 on the inserter 702 causes the shaft 108 on the implant 100 to rotate, 
thereby expanding the implant 100. As previously mentioned, this causes the wings 104 
to laterally expand from the cage 102 between the vertebrae. In one embodiment, the 
wings 104 are extended from the cage 102 at the same rate to ensure that the implant 100 
remains centered between the vertebrae 902 and 904. As the wings 104 extend, the cutting 
edges 406 of the guide rails 302 cut into the vertebrae 902 and 904, thereby ensuring that 
the implant is securely fastened to the vertebrae 902 and 904. The wings 104 are 
expanded until they are positioned over the apophyseal ring, which contains the harder 
cortical bone. As shown in FIG. 9, the shape of the wings 104 generally correspond to the 
geometry of the end plates of vertebrae 902 and 904. Due to the large surface area 
provided by the implant 100 and by being supported on the harder cortical bone of the 
apophyseal ring, the risk of subsidence of the implant 100 into the vertebrae 902 and 904 
is reduced. Moreover, the construction of implant 100 allows for the implant to have 
variable dimensions such that the implant 100 can accommodate vertebrae of varying 
sizes. Once the implant 100 has been expanded to the desired expansion configuration, 
the tumbuckle 108 can be moved into the block cavity 122 such that the wings 104 are 
locked into position. 
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Referring to FIG. 12, an implant 1200 according to another embodiment of the 
present invention incorporates a number of the same features described above, with the 
exceptions noted below. As should be appreciated, the locking mechanism 120 in this 
embodiment differs from the one described above. In the embodiment illustrated in FIG. 
12, the locking mechanism 120 includes a leaf spring 1202 that is attached to the distal end 
wall portion 216 of the cage 102. As shown, the leaf spring 1202 engages the gear 1 10 on 
the shaft 108. The leaf spring 1202 is positioned such that the shaft 108 can only be 
rotated in one direction so that the wings 104 can only move in a laterally expanding 
direction. The spring 1202 resists rotation of the shaft in the opposite direction, so that 
once the wings 104 are extended to the desired location the spring 1202 locks the wings 
104 into position. 

While specific embodiments of the invention have been shown and described in 
detail, the breadth and scope of the present invention should not be Kniited by the above 
described exemplary embodiments, but should be defined only in accordance with the 
following claims and then equivalents. It is understood that only selected embodiments 
have been shown and described and that all changes and modifications that come within 
the spirit of Ihe invention are desired to be protected. 
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What is claimed is: 

1 . A spinal implant, comprising: 
a cage defining an interior cavity; 

an expansion mechanism received in said cavity of said cage; 

a pair of wings operatively coupled to said expansion mechanism, said wings each 
having opposing vertebrae engaging surfaces that are configured to engage opposing 
vertebrae; and 

wherein said expansion mechanism is operable to laterally move said wings 
between the vertebrae from a compact configuration in which at least a miajority of said 
wings are received in said cavity of said cage to an expanded configuration in which said 
wings extend from said cage with said vertebrae engaging surfaces on each of said wings 
engaging the vertebrae. 

2. The implant of claim 1, wherein said expansion mechanism includes a shaft 
having threaded portions on opposite ends that threadedly engage said wings. 

3. The implant of claim 2, wherein said shaft includes a gear positioned 
between said threaded portions for rotating the shaft. 

4. The implant of claim 2, wherein said threaded portions are oppositely 
threaded and have equal thread pitch. 

5. The implant of claim 2, ftirther comprising a lock mechanism operable to 
lock said wings in said expanded configuration. 

6. The implant of claim 5, wherein: 

said lock mechanism includes lock cavities defined in said wings; and 
said lock cavities are configured to prevent rotation of said shaft when said shaft is 
positioned within said lock cavities. 
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7. The implant of claim 6, wherein only a portion of each of said lock cavities 
is threaded. 

8. The implant of claim 5, wherein said lock mechanism includes a leaf spring 
engaged to said cage, said leaf spring being operable to at least prevent rotation of said 

5 shaft in one direction. 

9. The implant of claim 8, wherein said shaft includes a gear engageable with 
said leaf spring. 

10 10. The implant of claim 1 ftirther comprising a lock mechanism to lock said 

wings in an expanded configuration. 

1 1 . The implant of claim 1 0, wherein said lock mechanisiri included lock 
cavities constructed and arranged to lock said wings in said expanded configuration. 

15 

12. The implant of claim 10, wherein said lock mechanism includes a leaf 
spring coupled to said cage. 

1 3 . The implant of claim 1 , wherein said cage has a generally rectangular 
20 cross-sectional shape. 

14. The implant of claim 1, wherein said cage defines a tool opening for 
providing access to said cavity. 

25 15. The implant of claim 1, wherein said cage dejSnes wing openings on 

opposite sides of said cage in which said wings are slidably received. 

1 6. The implants of claim 1 5, wherein: 
at least one of said wing openings defines a guide chaimel; and 
30 at least one of said wings has a guide member slidably received in said guide 

chaimel. 
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17. The implants of claim 16, wherein said guide member has a dovetail cross- 
sectional shape. 

5 18. The implant of claim 17, wherein said guide member has a cutting edge 

operable to cut one of the vertebrae during extension of said wings. 

19. The implant of claim 16, wherein said guide member has a cutting edge 
operable to cut one of the vertebrae during extension of said wings. 

10 

20. The implant of claim 1, wherein: 
the vertebrae have apophyseal rings; and 

said wings have a generally arcuate shape to coincide with the shape of the 
apophyseal rings of the vertebrae. 

15 

21. The implant of claim 1, wherein said cage has opposing surfaces 
configured to engage the vertebrae. 

22. The implant of claim 21 , wherein said opposing surfaces are textured 
20 surfaces to prevent expulsion of said implant. 

23. The implant of claim 22, wherein said textured surfaces include ridges. 

24. The implant of claim 1, wherein said vertebrae engaging surfaces of said 
25 wings are contoured to correspond in shape to flie vertebrae. 

25. The implant of claim 1, wherein at least one of said wings has a guide rail 
received in a guide rail channel defined in said cage. 



30 



26. The implant of claim 25, wherein said guide rail has a dovetail cross- 
sectional shape. 
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27. The implant of claim 25, wherein said guide rail has an outer cutting edge 
constructed and arranged to cut the vertebrae during extension of said wings. 

5 28, The implant of claim 1, wherein said cage has oppositely facing vertebrae 

engagement surfaces and said interior cavity extends between said vertebrae engagement 
surfaces of said cage. 



29. The implant of claun 1, wherein wings define an access opening for 
10 allowing access to said expansion mechanism when said wings are in said compact 

configuration. 

30. A fusion device for implanting between opposing vertebrae that define a 
disc space, comprising: 

15 a central member; 

at least one pair of lateral members slidably coupled to said central member; and 
means for extending said lateral members from said central member into the disc 
space between the vertebrae with each of said lateral members engaging both of the 
vertebrae. 

20 

31. The flision device of claim 30, wherein said means for extending said 
lateral members includes a shaft with threaded portions coupled to said lateral members. 

32. An apparatus, comprising: 
25 a spinal implant including 

a central member defining an interior cavity and a pair of openings 
defined on opposite sides of said central member that open into said interior 

a pair of wings slidably received in said openings in said central 
30 member, and 



wo 2004/041130 



PCT/US2003/034052 



14 

a shaft coupled to said wings, said shaft having at least one threaded 
portion threadedly engaging at least one of said wings. 

33. The apparatus of claim 32, wherein: 
said openings have guide channels; and 

said wings have guide rails sUdably received in said guide channels. 

34. The apparatus of claim 32, wherein said at least one threaded portion has a 
pair of oppositely threaded portions at opposite ends of said shaft. 

35. The apparatus of claim 32, further comprising an inserter engaged with said 
implant to extend said wings. 

36. The apparatus of claim 35, wherein said shaft on said spinal implant 
includes a gear. 

37. The apparatus of claim 36, wherein said inserter includes: 
an actuation knob; 

a drive shaft coupled to said knob; 

a drive gear coupled to said drive shaft; and 

an intermediate gear engaging said drive gear and said gear on said shaft of said 
spinal implant. 
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Fig. 2 
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et des moyens 15 pour associer le pivot 3 en rotation avec le bloc 1 dans la partie 14 de fagon que, lorsque le pivot subit une rotation, 
la lame d'ancrage prenne une premiere position dans laquelle I'ailette 5 est totalement contenue dans la saignee 12, et une seconde 
position dans laqucUc unc portion 16 dc I'cxtrcniitc dc I'ailcttc emerge dc la saigncc. 
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CAGE INTERVERTEBRALE A LAME D'ANCRAGE MEDIANE 

La presents invention concerne les cages intervertebrales qui trouvent una 
application particulierement avantageuse, mais non exclusivement, pour le 
traitement du rachis d6generatif, et plus particulierement un perfectionnement a 
des cages intervertebrales deja connues. 

En effet, des cages intervertebrales, notamment pour le traitement du 
rachis degeneratif, sont deja connues. Une telle cage est par exemple decrite 
dans le document EP-A-1 104 665. Elle comporte essentiellement une entretoise 
en forme de disque comprenant deux faces de base opposees sensiblement 
planes et paralleles et une parol laterale reliant les deux faces de base. Cette 
entetoise est apte a etre disposee entre les faces en regard des deux corps 
vertebraux respectivement de deux vert^bres cons^cutives, en remplacement du 
disque endommag6 situ§ entre ces deux vertebres, les deux faces de base de 
I'entretoise 6tant placees au contact des corps vertebraux. L'entretolse peut en 
outre comporter une cavlte ouverte dans laquelle il est possible de placer un 
greffon osseux ou analogue dans le but de souder entre eux les deux corps 
vertebraux par osteosynthese. La cage comprend aussi au moins une lame, 
comportant deux extremites opposees conformees en biseau, et des moyens 
pour deplacer cette lame par rapport a une premiere des deux parties de paroi 
laterale de fagon que la lame soit apte a prendre deux positions, une premiere 
position dans laquelle la lame est entierement situee dans I'espace compris entre 
les deux premier et second plans contenant les deux faces de base de 
I'entretoise, et une seconde position dans laquelle les deux extremites opposees 
de la lame Emergent de part et d'autre de cet espace. 

Dans les cages decrites ci-dessus, la lame d'ancrage est associee a une 
entretoise sur une face de cette demidre. Une telle realisation n6cessite un 
certain nombre d'el^ments pour pouvoir obtenir de fagon relativement aisee la 
rotation de la lame par rapport a I'entretoise. Pour tenter de minimiser le nombre 
de ces 6l6ments, une solution a 6t6 tent^e, celle qui consiste a positionner la 
lame d'ancrage sensiblement dans la partie mediane de I'entretoise, comme par 
exemple dans le mode de realisation qui est decrit dans le WO 01/01894. La 
solution adoptee pour la realisation de cette cage n'a cependant pas donne 
entiere satisfaction, essentiellement par le fait que I'integration de la lame dans la 



wo 2004/043306 



PCT/FR2003/003149 



partie mediane de Tentretoise etait encore trop complexe et rendait relativement 
compliquee rimplantation de la cage entre deux vertebres. 

Pour tenter de pallier les inconvenients mentionnes ci-dessus, H a aussi et6 
realise une cage intervertebrale comme celle decrite par exemple dans le US-B1- 
5 6 371 987. Cette cage repond de fagon generate aux exigences des praticiens 
mais presente encore des inconvenients notamment pour sa realisation. 

La presente Invention a done pour but de realiser un perfectionnement aux 
cages intervertebrales du type de celles definies ci-dessus, qui presente une 
structure plus facile a realiser et a assembler, et qui permet une implantation 
10 beaucoup plus ais6e de la cage entre deux vertebres. 

Plus precisement, la presente invention a pour objet une cage 
intervertebrale pour le traitement du rachis degeneratif apte a etre interposee 
entre deux vertebres consecutives. comprenant : 

• un bloc, 

15 • au moins une lame d'ancrage comportant un pivot definissant un premier 

axe de rotation, et au moins une ailette montee solidaire dudit pivot suivant 
sensiblement un premier plan faisant avec ledit premier axe un angle a non nul, 
et 

• des moyens pour monter le pivot en rotation par rapport au dit bloc. 
20 comportant une percee realisee dans le bloc suivant un second axe, une saignee 

realisee dans le bloc suivant sensiblement un second plan faisant avec le second 
axe un angle y sensiblement egal a Tangle a, la saignee etant en outre realisee 
de fagon qu'elle ait, avec la percee, une partie commune apte a contenir le pivot, 
et des moyens pour associer le pivot en rotation avec le bloc quand le pivot est 

25 positionne dans ladite partie commune et de fagon que lorsque, dans cette 
position, le pivot subit une rotation d'une amplitude donnee par rapport au bloc, la 
lame d'ancrage soit apte a prendre au moins deux premiere et seconde positions, 
la premiere position etant celle dans laquelle Tailette est totalement contenue 
dans la saignee, et la seconde position etant celle dans laquelle une portion de 

JO Textr^mite de Tailette emerge de ladite saignee, 

caracterisee par le fait que, le pivot etant constitue par un second arbre de 
rotation ayant pour axe le premier axe, les moyens pour associer le pivot en 
rotation avec le bloc comportent un second palier ouvert en direction de 
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rouverture de ladite saignee situee en surface du bloc, ledit second palier ouvert 
etant realise en bordure de ladite partie commune de fagon qu*ll sort centre sur 
ledit second axe, les diametres du second palier ouvert et du second arbre de 
rotation etant sensiblement egaux, le diametre du second arbre de rotation et du 
second palier ouvert etant superieur a la dimension diametrale minimale de la 
section transversale de la percee. 

D'autres caracteristiques et avantages de I'Invention apparaitront au cours 
de la description suivante donnee en regard des dessins annexes a titre illustratif 
mais nullement limitatif, dans lesquels : 

La figure 1 represente une vue en perspective cavaliere, en demi-coupe et 
en eclate, d'un premier mode de realisation schematique de la cage 
Intervertebrale selon llnvention. 

La figure 2 represente une vue de dessus d'un deuxieme mode de 
realisation prefere de la cage selon {'invention, et 

La figure 3 represente une vue partielle en coupe d'un autre troisieme 
mode de realisation possible de la cage selon I'invention. 

II est bien precise que, sur les figures, les memes references designent les 
memes elements, quelle que soit la figure sur laquelle elles apparaissent et quelle 
que soit la forme de representation de ces elements. 

De meme. si des Elements ne sont pas specifiquement references sur Tune 
des figures, leurs references peuvent §tre aisement retrouvees en se reportant a 
une autre figure. 

Le Demandeur tient aussi a preciser que les figures represented trois 
modes de realisation de Tobjet selon Tinvention, mais qu'il peut exister d'autres 
modes de realisation qui repondent a la definition de cette invention. 

11 precise en outre que, iorsque, selon la definition de invention, Tobjet de 
invention comporte "au moins un" element ayant une fonctlon donnee, le mode 
de realisation decrit peut comporter plusieurs de ces elements. 

II precise aussi que, si les modes de realisation de Tobjet selon invention 
tel qu'illustres comportent plusieurs elements de fonction identique et que si, dans 
la description, 11 n'est pas specifie que Tobjet selon cette invention doit 
obligatoirement comporter un nombre particulier de ces elements, Tobjet de 
rinvention pourra etre defini comme comportant "au moins un" de ces elements. 
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La pr§sente invention concerne une cage intervert^brale perfectionnee 
pour, notamment, le traitenfient du rachis degeneratif. 

La figure 1, sous forme schematique fonctionnelle, un mode de realisation 
d'une cage intervertebrale selon invention. 
5 Cette cage comprend un bloc 1 d'une forme assimilable a celle d'un 

parallelepipede rectangle ou, plus generalement, qui peut etre inscrite dans un 
parallelepipeds rectangle. Elle peut notamment etre comme celle illustr6e sur la 
figure 2. 

La cage comporte aussi au moins une lame d'anca-age 2 comportant un 

10 pivot 3 definissant un premier axe de rotation 4, et au moins une ailette 5 mont#e 
solidaire du pivot 3 suivant sensiblement un premier plan 6 faisant avec ie premier 
axe 4 un angle a non nul, et avantageusement deux ailettes comme dans les 
realisations selon les figures 2 et 3 pour s'ancrer dans les deux vertebres 
consecutives entre lesquelles la cage est destinee a etre implantee. 

15 Elle comporte des moyens pour monter le pivot 3 en rotation par rapport au 

bloc 1, qui comprennent une percee 10 realisee dans le bloc suivant un second 
axe 11, une saignee 12 realis§e dans le bloc suivant sensiblement un second 
plan 13 faisant avec le second axe 1 1 un angle y sensiblement egal § Tangle a, la 
saignee 12 etant en outre r§alis6e de fagon qu'elle ait, avec la perc6e 10. une 

20 partie commune 14 apte a contenir le pivot 3, et des moyens 16 pour associer le 
pivot 3 en rotation avec le bloc 1 quand le pivot est positionne dans la partie 
commune 14 et de fagon que lorsque, dans cette position, le pivot subit une 
rotation d'une amplitude donnee par rapport au bloc, la lame d'ancrage 2 soit apte 
a prendre au moins deux premiere et seconds positions, la premiere position 

25 etant celle dans laquelle I'ailette 5 est totalement contenue dans la saignee 1 2, et 
la seconde position etant celle dans laquelle une portion 16 de I'extremite de 
I'ailette emerge de la saignee. 

II est precise que, dans le mode de realisation selon la figure 1, la lame 
d'ancrage 2 ne comporte qu'une ailette 5. Dans ce cas, la saignee 12 peut avoir la 

30 forme telle qu'illustree sur cette figure 1. Dans le cas oil la lame d'ancrage 
comporte deux ailettes sensiblement symetriques, comme dans le mode de 
realisation selon la figure 2, d chaque ailette con-espond au moins une saignee 12 
comme celle illustree sur la figure 1. Dependant, dans un mode de realisation 
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avantageux notamment sur le plan de Tuslnage, les deux saignees correspondant 
aux deux ailettes seront realisees suivant une seule saign^e traversant de part en 
part le bloc 1 comme illustr6 sur la figure 2. cette realisation permettant en outre 
de faire pivoter la lame d'ancrage dans un sens ou dans i'autre pour obtenir les 
resultats definis ci-apres. 

Dans le mode de realisation illustr§ sur la figure 1, les angles a et y sont 
sensiblement 6gaux S 90 degres mais ils seront avantageusement choisis ^ une 
valeur inferleure, par exemple 70 degres pour permettre un accrochage retentif de 
la cage avec les deux vertebres. 

Dans une realisation possible comme celle illustree sur la figure 3, le pivot 
3 est constitue par un premier palier en creux 17, avantageusement en forme de 
manchon dont la paroi interieure est cylindrique de revolution. Dans ce cas, les 
moyens 15 pour associer le pivot 3 en rotation avec le bloc 1 comportent un 
premier arbre de rotation 18 monte avec des moyens d'indexation en rotation 
dans le premier palier en creux 17, et des moyens 19 pour monter le premier 
arbre de rotation 18 en cooperation avec le bloc 1. Comme illustre sur la figure 3, 
ces moyens 19 peuvent etre constitues par un assemblage du type a clavette par 
exemple solidaire du pivot 3 cooperant avec une rainure correspondante realisee 
dans le premier arbre de rotation 18. De plus, ce premier arbre de rotation 18 a 
une section transversale sensiblement complementaire de celle de la percee 10 
pour qu'il puisse y §tre introduit ^ friction relativement dure. 

Ce mode de realisation est relativement interessant sur le plan de sa 
structure et pour I'implantation de la cage. 

Cependant, a ce mode de realisation selon la figure 3, est prefers un mode 
de realisation comme celui illustre sur les figures 1 et 2, qui presente deux 
avantages essentiels par rapport au mode de realisation selon la figure 3, a savoir 
qu'il necesslte moins d'elements constitutifs, deux au lieu de trois, que 
['assemblage de ces elements se fait tree facilement, automatiquement. 

Dans les modes de realisation selon les figures 1 et 2, le pivot 3 est 
constitue par un second arbre de rotation 20 ayant pour axe le premier axe 4, et 
les moyens 16 pour associer le pivot en rotation avec le bloc comportent un 
second palier 21 ouvert en direction de I'ouverture 22 de la saign^e 12 situee en 
surface du bloc 1, le second palier ouvert etant realise en bordure de la partle 
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cxjmmune 14 de fa5on qu'il sort csentre sur le second axe 11, les diametres du 
second palier ouvert 21 et du second arbre de rotation 20 etant sensiblement 
egaux. 

Avantageusement, le diametre du second arbre de rotation 20 et du 
second palier ouvert 21 est superieur a la dimension diametrale minimale de la 
section transversale de la percee 10. De cette fapon, quand le pivot est dispose 
dans le second palier ouvert 21, ii est maintenu entre les deux epaulements 
fomies par le bord 28 de I'extremlte de la percee 10 qui debouche dans la partie 
commune 14 et par la paroi 29 de la saignee 12. 

De fagon pr6ferentielle, le second palier ouvert 21 est constltue de deux 
surfaces cyllndriques ouvertes 23, 24 separees par un espace libre 25 d'une 
largeur au molns egale a I'epaisseur maximale de I'ailette 5 prise au niveau de sa 
partie 26 qui est solidaire du pivot 3. 

Dans un mode de realisation avantageux, ce second palier ouvert 21 est 
un palier de retention. Dans ce cas, au moins I'une des deux surfaces 
cyllndriques ouvertes 23, 24, et avantageusement les deux, est definie sur un 
angle superieur a 180 degres, mais cependant tres peu superieur a 180 degres. 

De plus, selon le mode de realisation decrit ci-dessus, les deux surfaces 
cyllndriques ouvertes 23, 24 sont reliees a la surface du bloc 1 sur laquelle 
debouche la saignee 12, respectivement par deux rampes 33, 34 qui torment 
deux rampes de guidage pour lintroduction du second arbre de rotation 20 dans 
le second palier en creux 21. Sur la figure 1, ces deux rampes 33, 34, que Ton 
retrouve bien entendu de fagon symetrique dans I'autre moiti^ du bloc 1 non 
representee, forment un entonnoir dont Tangle au sommet est relatlvement grand 
afin de faire ressortir la fonction de guidage de ces deux rampes. Cependant, 
dans la pratique, comme lllustr6 sur la figure 1 , cet angle au sommet a une valeur 
tres faible. 

La cage intervertebrale comporte en outre des moyens 30 pour entraTner 
en rotation le pivot 3 autour du second axe 1 1 de fagon que la lame d'ancrage 2 
soit apte a prendre ses deux premiere et seconde positions definies ci-avant. 

Ces moyens 30 sont par exemple constitues d'un logement en creux 31a 
section transversale polygonale realise dans la face 32 du second arbre de 
rotation 20 qui est en regard de la percee 1 0 quand le second arbre de rotation 20 
est monte en rotation dans le second palier ouvert 21, ce logement en creux 31 
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6tant senslblement centre sur le premier axe 4 et ayant une section transvereale 
Inferieure d cells de la percee 10. 

Dans une realisation avantageuse, la cage intervertebral e comporte un 
orifice 40 dans la paroi duquel est realise un taraudage 41 , qui est realist dans le 
5 second arbre de rotation 20 en etant centre sur le premier axe 4 et en debouchant 
dans le fond du logement en creux 31, le diametre de ('orifice taraude 40 etant 
inferieur a la section transversale de ce logement en creux, et des moyens 42 
pour indexer la position d'un ancillaire par rapport au bloc 1 realises sur la face 43 
du bloc sur laquelle debouche la percee 10. Ces moyens 42 sont par exemple 
10 constltu6s de deux encoches, ou plus, en sachant que I'anclilaire dolt comporter 
des ergots aptes a etre enficlies dans les encoches 42 et une tige filetee apte § 
se visser dans Torifice taraude 40 lorsque les ergots sont enfich^ dans ies 
encoches. 

Les elements de la cage intervertebrale telle que decrite ci-dessus en 

15 regard plus particulierement des figures 1 et 2 s'assemblent comme suit et la 
cage s'utilise de la fagon suivante : 

Tout d'abord, il est precise que le bloc 1 et la lame d'ancrage 2 sont usines 
de fagon classique pour avoir les caracteristiques structurelles decrites ci-avant. 
Ces deux elements etant realises, la lame d'ancrage 2 est presentee, par le pivot 

20 20, dans I'entonnoir forme par les rampes 33, 34. Elle est poussee en force 
jusqu'^ ce que le pivot vienne s'encliqueter dans le second palier ouvert 21. Des 
que le pivot est positionne dans ce second palier ouvert, ii y est parfaitement 
maintenu par les deux epaulements 28, 29 et par les deux surfaces cylindriques 
ouvertes 23, 24 definies sur un angle sup6rieur ^180 degr^s. 

25 Lorsque la lame d'ancrage 2 a pris une position comme celle illustree en 

traits interrompus sur la figure 1, qui correspond a sa seconde position definie 
auparavant, au moyen par exemple d'une cl6 a section polygonale Cp, 
representee en traits interrompus sur la figure 1 , complementaire du logement 31 
introduite dans ce logement via la percee 10, la lame d'ancrage 2 est amenee 

30 dans sa premiere position comme representee sur la figure 2. Dans cette position, 
les deux ailettes 5 de la lame sont completement escamotees, entlerement 
contenues dans les saignees 12. 

De fagon connue, le praticien introduit alors la cage selon invention entre 
deux vertebres consecutives en remplacement du disque intervertebral, la lame 
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d'ancrage etant dans sa premiere position. Pour ce faire, le praticien utilise 
rancillaire decrit ci-avant. 

Au moyen de la cle a section polygonale Cp Introduite dans le logement 31 
via la percee 10, le praticien fait alors passer la lame d'ancrage de sa premiere 
5 position a sa seconde position, les portions d'extremite 16 des ailettes 5 
s'implantant dans les parties osseuses des deux vertebres, de la meme fa^on que 
dans le cas des cages intervertebrales du meme type selon Tart anterieur. 

Pour determiner la seconde position de la lame d'ancrage et favoriser la 
pose de la cage par le praticien, la cage peut comporter en outre, par exemple un 

10 premier cliquet constitue de fagon connue en elle-mSme d'un ergot realise sur le 
pivot et d'une rainure realisee dans le bloc 1 qui cooperent I'un dans I'autre, par 
exemple par deformation, quand la lame d'ancrage arrive dans sa seconde 
position. La cage peut aussi comporter un second cliquet pour definir la premiere 
position de la lame d'ancrage, le meme ergot pouvant d'ailleurs etre commun aux 

15 deux cliquets. 

II est precise que la cage selon invention peut comporter en outre d'autres 
caracteristiques que celles definies ci-dessus, par exemple des trous 50 de 
reception de greffons osseux, comme represente sur la figure 2. Ces autres 
caracteristiques n'ont pas ete decrites ici car elles n'entrent pas dans le champ de 

20 la presente invention. 
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REVENDICATIONS 

1 . Cage intervertebrals pour le traitement du rachis degeneratif apte a etre 
interposee entre deux vert^bres consecutlves, comprenant : 

• un bloc (1), 

• au moins une lame d'ancrage (2) comportant un pivot (3) definissant un 
premier axe de rotation (4), et au moins une ailette (5) montee solidaire dudit pivot 
(3) suivant sensiblement un premier plan (6) faisant avec ledit premier axe (4) un 
angle a nbn nut, et 

• des moyens pour monter le pivot (3) en rotation par rapport au dit bloc 

(1) . comportant une perc^e (10) realises dans le bloc (1) suivant un second axe 
(1 1), une saignee (12) realisee dans le bloc suivant sensiblement un second plan 
(13) faisant avec le second axe (1 1) un angle y sensiblement egal a I'angle a, la 
salgn6e (12) 6tant en outre realisee de fa9on qu'elle ait. avec la percee (10), une 
partie commune (14) apte a contenir le pivot (3), et des moyens (15) pour 
associer le pivot (3) en rotation avec le bloc (1) quand le pivot est positionne dans 
ladite partie commune (14) et de fagon que lorsque, dans cette position, le pivot 
subit une rotation d'une amplitude donnee par rapport au bloc, la lame d'ancrage 

(2) soit apte a prendre au moins deux premiere et seconde positions, la premiere 
position etant celle dans laquelle I'ailette (5) est totalement contenue dans la 
saignee (12), et la seconde position etant celle dans laquelle une portion (16) de 
I'extremite de I'ailette emerge de ladite saignee, 

caracterisee par le fait que, le pivot (3) etant constitue par un second arbre de 
rotation (20) ayant pour axe le premier axe (4), les moyens (15) pour associer le 
pivot en rotation avec le bloc comportent un second palier (21) ouvert en direction 
de I'ouverture (22) de ladite saignee (12) situee en surface du bloc (1), ledit 
second palier ouvert etant realise en bordure de ladite partie commune (14) de 
fa$on qu'il solt centr§ sur ledit second axe (1 1), les diametres du second palier 
ouvert (21) et du second arbre de rotation (20) etant sensiblement egaux, le 
diametre du second arbre de rotation (20) et du second palier ouvert (21) §tant 
superieur k la dimension diametrale minimale de la section transversale de la 
percee (1 0). 
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2. Cage intervertebrale selon la revendication 1, caracterisee par le fait que 
le second palier ouvert (21) est constitue de deux surfaces cylindriques ouvertes 
(23, 24) separees par un espace libra (25) d'une largeur au moins egale a 
I'epaisseur maximale de I'ailette (5) prise au niveau de sa partie (26) qui est 
solidaire du pivot (3). 

3. Cage Intervertebrale selon la revendication 2, caracterisee par le feit que 
le second palier ouvert (21) est un palier de retention. 

4. Cage intervertebrale selon la revendication 3, caracterisee par le fait 
qu'au moins Tune des deux surfaces cylindriques ouvertes (23, 24) est definie sur 
un angle superieur a 180 degres. 

5. Cage intervertebrale selon Tune des revendications 1 a 4, caracterisee 
par le fait qu'elle comporte des moyens (30) pour entramer en rotation ledit pivot 
(3) autour dudit second axe (11) de fagon que iadite lame d'ancrage (2) soit apte 
a prendre ses deux dites premiere et seconde positions. 

6. Cage intervertebrale selon la revendication 5, caracterisee par le fait que 
les moyens (30) pour entramer en rotation ledit pivot (3) autour dudit second axe 
(11) comportent un logement en creux (31) a section transversale polygonale 
realise dans la face (32) du second arbre de rotation (20) qui est en regard de la 
percee (10) quand ledit second arbre de rotation (20) est monte en rotation dans 
le second palier ouvert (21), ledit logement en creux (31) etant sensiblement 
centre sur ledit premier axe (4) et ayant une section transversale inf6rieure a celle 
de Iadite percee (10). 

7. Cage intervertebrale selon la revendication 6, caracterisee par le fait 
qu'elle comporte un orifice (40) comportant un taraudage (41), ledit orifice etant 
realise dans le second arbre de rotation (20) en etant centre sur le premier axe (4) 
et en debouchant dans le fond dudit logement en creux (31), le diametre dudit 
orifice taraude (40) etant inferieur a la section transversale dudit logement en 
creux (31), et des moyens (42) pour indexer la position d'un anciliaire par rapport 
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au bloc (1) realises sur la face (43) du bloc sur laquelle debouche tadite percee 
(10). 

8. Cage intervertebrale pour le traitement du rachis degeneratif apte a etre 
5 interposee antra deux vertebres consecutives, comprenant : 

• un bloc (1), 

• au moins una lame d'ancrage (2) comportant un pivot (3) definissant un 
premier axe de rotation (4). et au moins une ailette (5) montee solidaire dudit pivot 
(3) suivant sensiblement un premier plan (6) faisant avec ledit premier axe (4) un 

10 angle a non nul, et 

• des moyens pour monter le pivot (3) en rotation par rapport au dit bloc (1), 
comportant une percee (10) realisee dans le bloc (1) suivant un second axe (1 1), 
una saignee (12) realisee dans le bloc suivant sensiblement un second plan (13) 
faisant avec le second axe (11) un angle y sensiblement egal a Tangle a, la 

15 saignee (12) etant en outre realisee de fagon qu'elle alt. avec la percee (10), une 
partie commune (14) apte a contenir le pivot (3), et des moyens (15) pour 
associer le pivot (3) en rotation avec le bloc (1) quand le pivot est positionne dans 
iadite partie commune (14) et de fagon que lorsque, dans cette position, le pivot 
subit une rotation d'une amplitude donnee par rapport au bloc, la lame d'ancrage 

20 (2) soit apte a prendre au moins deux premiere et seconde positions, la premiere 
position etant celle dans laquelle Tailette (5) est totalement contenue dans la 
saignee (12), et la seconde position etant celle dans laquelle une portion (16) de 
Textremite de I'ailette emerge de Iadite saignee, 

caracterisee par le fait que, le pivot (3) etant constitue par un premier palier en 
25 creux (17), les moyens (15) pour associer le pivot (3) en rotation avec le bloc (1) 
comportent un premier arbre de rotation (18) monte avec das moyens 
dindexation en rotation dans ledit premier palier en creux (17), et des moyens 
(19) pour monter ledit premier arbre de rotation (18) en cooperation avec ledit 
bloc (1). 
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(57) Abstract: The invention relates 
to an inten^ertebral implant (1) 
comprising a lower implant part (2), 
which comprises a central axis (11) 
and an apposition section (4), designed 
to rest against the covering surface 
of the adjacent lower vertebra and an 
upper implant pait (5) comprising a 
bore (30) with an internal thread (7), 
a central axis (11) and an apposition 
section (8), designed to rest against the 
covering surface of the adjacent upper 
vertebra. The invention is characterised 
in that the two implant parts (2, 5) 
arc secured in relation to each other 
against rotation about the central axis 
(11) and that a threaded screw (9) with 
an external thread (10) is guided in the 
upper implant part (5) and connected to 
the lower implant part (2), said external 
thread co-operating with the internal 
thread (7). The two implant parts 
(2, 5) and the tlueaded screw (9) lie 
coaxially along their common central 
axis (11), said threaded screw (9) being 
connected to the lower implant part 
(2) so that it is axially fixed but able to 
rotate. 
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Veroffentlicht: 

— mit internationalem Recherchenbericht 

— mit gednderten Anspriichen 

Zur Erkldrung der Zweibuchstaben- Codes und der anderen Ah- 
kUrzungen wird auf die Erkldrungen ("Guidance Notes on Co- 
des and Abbreviations ") am Anfang jeder reguldren Ausgabe der 
PCT-Gazette verwiesen. 



(57) Zusaimiienfassung: L Zwischenwiibelimplantat (1) iiiit A) eineiii unteien Implantatteil (2), welches eine Zentralachse (11) 
und einen zur Aniage an die Deckflache des angrenzenden unteren Wirbels bestimmten Appositionsteil (4) umfasst; B) einem obe- 
ren Implantatteil (5) mit einer ein Innengewinde (7) aufweisenden Bohrung (30) und Zentralachse (11) und einem zur Aniage an 
die Deckflache des angrenzenden oberen Wirbels bestimmten Appositionsteil (8); wobei C) die beiden Implantatteile (2, 5) relativ 
zueinander gegen Rotation um die Zentralachse (11) gesichert sind; sowie D) einer im oberen Implantatteil (5) gefUhrten und mit 
dem unteren Implantatteil (2) verbundenen Gewindespindel (9) mit Aussengewinde (10), welches mit dem Innengewinde (7) zusam- 
menwirkt; wobei E) die beiden Implantatteile (2, 5) und die Gewindespindel (9) koaxial langs ihrer gemeinsamen Zentralachse (11) 
angcordnct sind, wobei F) die Gewindespindel (9) axial fcst abcr rotativ bcwcglich mit dem unteren Implantatteil (2) vcrbundcn ist. 
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Zwischenwirbelimplantat 

Die Erfindung bezieht sich auf ein Zwischenwirbelimplantat gemass dem Oberbegriff 
des Patentanspruclis 1 . 

Aus der US-A 2002082695 NEUMANN ist ein gattungsgemasses 
Zwisctienwirbelimplantat bel<annt. Dabei ist der mittlere, als Gewindering mit 
Innengewinde ausgebildete Implantatteil mit dem oberen, endstSndigen implantatteil 
verbunden. Der obere Teil des unteren Implantatteils Ist mit einer Iconischen Flache 
ausgestaltet, welche als Aufnahme fUr den Gewindering dient. Mittels eines spezlellen 
Instrumentes, welches ein mit dem Kegelrad an dem Gewindering in Eingriff bringbares 
Kegelrad ausweist, kann der Gewindering um die Zentralachse des 
Zwischenwirbelimplantates rotiert warden und obere Implantatteil axial verschoben 
werden. Der Gewindering dient dem oberen Implantatteil nur als axialer Anschlag, d.h. 
als Abstutzflache, so dass das obere, endstandige Implantatteil axial bewegt werden 
kann (Mutter/Spindel-Antrieb). Die beiden endstandigen Implantatteile sind somit lose 
gegeneinander montlert, was sich auch darin zeigt, dass zu ihrer axialer Sicherung 
axiale Schlitze in einem der beiden Implantatteile vorgesehen ist, in welche am anderen 
Implantatteil angebrachte Stifte eingreifen. Somit hat dieses bekannte 
Zwischenwirbelimplantat den Nachteil, dass es pra- und intraoperativ gegen axiale 
Verschiebungen ungesichert ist . 

Hier will die Erfindung Abhilfe schaffen. Der Erfindung liegt die Aufgabe zugrunde, ein 
Zwischenwirbelimplantat zu schaffen, welches unter Beibehaltung einer 
geringstmoglichen Bauhohe ein kompaktes, axial spielfreies Ganzes bildet und als 
vormontiertes Set dem Chirurgen zur Verfugung gestellt werden kann. 

Die Erfindung lost die gestellte Aufgabe mit ein Zwischenwirbelimplantat, welches die 
Merkmale des Anspruchs 1 aufweist. 

Die durch die Erfindung erreichten Vorteile sind im wesentlichen darIn zu sehen, dass 
dank des erflndungsgemassen Zwischenwirbelimplantates ein vereinfachtes Handling 
mSglich ist, da das Einbrlngen des Implantates durch dessen Distrahlerbarkeit und ein 
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einfaches Instrumentarium sehr schnell geht. Dadurch wird einerseits die Sicherheit 
erhoht und anderseits der Zeitaufwand fur die Implantation reduziert. Durch Verdrehen 
der Gewindespindel auf dem Innengewinde ist der Abstand zwischen den beiden 
Appositionsteilen stufenlos veranderbar. 

In einer bevorzugten AusfQhrungsform ist die Gewindespindel mittels einer 
Klippverbindung am unteren Implantatteil axial fest aber rotativ bewegllch befestigt. 
Diese Klippverbindung wird vorzugsweise durch einen torusformigen Hinterschnitt am 
unteren Ende der Gewindespindel und einen damit korrespondierenden ringformigen 
Wulst in einer Bohrung im unteren Implantatteil gebildet. Damit ist gewShrlelstet, dass 
die beiden Implantatteile durch die Gewindespindel axial zusammengehalten werden. 
Die Gewindespindel weist vorzugsweise eine untere, auf dem unteren Implantatteil 
aufllegende und senkrecht zur Zentralachse stehende Flache auf. 

In einer anderen AusfQhrungsform umfasst die Gewindespindel einen Zahnkranz, 
weicher vorzugsweise an das untere Implantatteil angrenzt. Der Zahnkranz dient zur 
rotativen Bewegung der Gewindespindel mittels eines anterior anbringbaren 
Instrumentes. 

In einer weiteren AusfQhrungsform umfasst der untere Implantatteil eine posteriore, 
hohlzylindrische Kavitat mit einem Mantel. Der Mantel ist vorzugsweise anterior offen. 

In wiederum einer weiteren AusfQhrungsform umfasst der obere Implantatteil einen im 
wesentlichen kreiszylindrischen Schaft, weicher von der Bohrung mit Innengewinde 
axial durchdrungen wird. 

Vorzugsweise ist der Mantel des unteren Implantatteiles mit zwei senkrecht zur 
Zentralachse stehenden Schlitze versehen. Diese Schlitze sind lateral am 
Zwischenwirbelimplantat angebracht und dienen dazu, ein Instrument gegenuber dem 
Zahnkranz zu posltionieren und abzustQtzten. 

In wiederum einer anderen AusfQhrungsform ist eine Sicherung gegen Rotation des 
oberen Implantatteils gegenuber dem unteren Implantatteil vorgesehen. Diese 
Sicherung besteht darin, dass der krelszylindrische Schaft des oberen Implantatteils 
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mindestens einen, vorzugsweise jedoch zwei parallel zur Zentralachse und seitlich 
angebrachte Keile aufweist und der Mantel des unteren Implantatteils an seiner 
Innenseite mindestens einen, vorzugsweise jedoch zwei seitlich angebrachte 
Fuhrungsschlitze aufweist. Die Keile sind in den Fuhrungssohlitzen axial verschiebbar, 
verhindern jedoch eine Rotation der beiden Implantatteile relativ zuelnander. 

In einer weiteren Ausfuhrungsform ist der kreiszylindrische Schaft derart ausgebildet, 
dass er einen geringeren Durchmesser aufweist als die Kavitat, so dass sich die beiden 
Bauteile nur durch die beiden Keile in den Fuhrungsschlitzen beruhren. 

In wiederum einer weiteren Ausfuhrungsform sind das Innengewinde in der Bohrung 
des kreiszylindrischen Schaftes und das Aussengewinde der Gewindespindel 
selbsthemmend ausgebildet. Der Vorteil dieser Ausfuhrungsform besteht darin, dass 
durch die Selbsthemmung des Gewindes das Implantat auf eine bellebige Hohe 
distrahiert werden kann und ohne zusatzliche Arretierung in dieser Position gehalten 
werden kann. 

Die Steigung des Innengewindes in der Bohrung Im Schaft und des Aussengewindes an 
der Gewindespindel liegt im Bereich von 0,5 bis 1 ,0 mm, vorzugsweise von 0,6 - 0,8 
mm. 

Vorzugsweise sind sowohl das Innengewinde als auch das Aussengewinde als 
Rechtsgewinde ausgebildet. Damit ist der Vorteil erreichbar, dass das Instrument, das 
das Ritzel tragt, in ubiicher Weise, wie ein normaler Schraubenzieher im Uhrzeigersinn 
gedreht werden kann, um das Implantat zu distrahieren. 

In einer anderen Ausfuhrungsform sind in den anterioren Seitenflachen der beiden 
Appositionsteile zwei kreisformige Ausnahmen angebracht, welche zur Aniagerung von 
Stoffen, welche die Fusion unterstQtzen, beispielsweise Spongiosa geelgnet sind. 

In wiederum einer anderen Ausfuhrungsform sind die beiden Appositionsteile als quer 
zur Zentralachse stehende, plattenformige Elemente mit einer zur Aniage an die 
Deckfiache des angrenzenden Wirbels bestlmmten Appositlonsflache ausgebildet. 
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In einer weiteren Ausfuhrungsform sind die Appositionsflachen nicht orthogonal zur 
Zentralachse angeordnet und schliessen vorzugsweise einen Winkel von 80'' bis 89 
mit der Zentralachse ein. Die Deckplatten der Wirbelkorper verlaufen in sagittaler 
Richtung nicht orthogonal zur Wirbelsauienachse, sondern welsen dazu einen spitzen 
Winkel auf. Die Abwinkelung der Appositionsflachen berucksichtigt diese anatonnische 
Gegebenhelt. 

Vorzugsweise schliessen die beiden Appositionsflachen einen Winkel von 2** bis 20"* 
untereinander ein. 

In wiederum einer weiteren Ausfuhrungsform weist nnindestens eine der beiden 
Appositionsflachen, vorzugsweise diejenige des oberen Implantatteils eine in sagittaler 
Richtung vorliegende Wolbung auf. Der Vorteil dieser Ausfuhrungsform liegt der 
optimalen Anpassung der Appositionsfachen an die Wirbelkorper. 

In wiederum einer weiteren Ausfuhrungsform weist mindestens eine der beiden 
Appositionsflachen eine in koronaler Richtung vorliegende Wolbung auf. Der Vorteil 
dieser Ausfuhrungsform liegt in der optimalen Anpassung der Appositionsflachen an die 
Wirbelkorper, 

In einer anderen Ausfuhrungsform ist im Schaft quer zur Zentralachse eine Bohrung mit 
Gewlnde angebracht, in welche eine Stellschraube schraubbar ist. Die Stellschraube 
dient zur Rotationsslcherung der Gewindespindel um die Zentralachse. 

In wiederum einer anderen Ausfuhrungsform ist das Zwischenwirbelimplantat 
mindestens teilweise aus einem rontgenstrahlendurchlassigen Material, vorzugsweise 
aus PEEK gefertigt. Damit ist der Vorteil erreichbar, dass die Fusion postoperativ 
besser beurteilbar ist. 

Die Erfindung und Weiterbildungen der Erfindung werden im folgenden anhand der 
teilweise schematischen Darstellungen mehrerer AusfQhrungsbeispiele noch naher 
eriautert. 



Es zeigen: 
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Fig. 1 eine perspektivische Ansicht einer Ausfuhrungsform des erfindungsgemassen 
Zwischenwirbelimplantates; 

Fig. 2 eine Explosionsdarstellung der in Fig. 1 dargestellten Ausfuhrungsform des 
erfindungsgemassen Zwischenwirbelimplantates; 

Fig. 3 einen Langsschnitt parallel zur Zentralachse durch die in den Fig. 1 und 2 
dargestellte Ausfuhrungsform des erfindungsgemassen Zwischenwirbelimplantates; 

Fig. 4 eine Ansicht von anterior der in den Fig. 1 bis 3 dargestellten Ausfuhrungsform 
des erfindungsgemassen Zwischenwirbelimplantates; 

Fig. 5 einen Schnitt parallel zur Zentralachse einer Explosionsdarstellung der in den Fig. 
1 bis 4 dargestellten Ausfuhrungsform des erfindungsgemassen 
Zwischenwirbelimplantates; und 

Fig. 6 ein Explosionsdarstellung der in den Fig. 1 bis 5 dargestellten Ausfuhrungsform 
des erfindungsgemassen Zwischenwirbelimplantates, 

In den Fig. 1 bis 6 ist eine Ausfuhrungsform des erfindungsgemassen 
Zwischenwirbelimplantates 1 dargestelit, welche ein zur Zentralachse 11 koaxiales, 
unteres Implantatteil 2 mit einem aussenstehenden, unteren Appositionsteil 4 und ein 
zur Zentralachse 11 koaxiales, oberes Implantatteil 5 mit einem aussenstehenden, 
oberen Appositionsteil 8 umfasst. Das untere Appositionsteil 4 weist eine untere, quer 
zur Zentralachse 11 stehende Apposltionsflache 19 auf, welche zur Aniage an die 
Deckflache des unteren, angrenzenden Wirbelkorpers bestimmt ist Analog weist das 
obere Appositionsteil 8 eine obere, quer zur Zentralachse 11 stehende 
Apposltionsflache 20 auf, welche zur Aniage an die Grundflache des oberen 
angrenzenden Wirbelkorpers bestimmt sind, Beide Appositionsflachen 19;20 sind mit 
einer dreidimensionalen Strukturierung versehen und weisen je eine anteriore 
Seitenfiache 41;81, je eine posteriore Seitenflache 42;82 und je zwei laterale 
Seitenflachen 43;44;83;84 auf (Fig. 3 und 4). 15. Ferner weist die obere 
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Appositionsflache 20 des oberen Implantatteils 5 eine in sagittaler Richtung vorliegende 
Wolbung auf, 

Das untere implantatteil 2 umfasst eine posteriore, zur Zentralachse 11 koaxiale und 
zylindrische Kavitat 3 mit einem anterior offenen Mantel 14 (Fig. 2). Das obere 
Implantatteil 5 weist einen zur Zentralachse 11 koaxlalen, kreiszylindrischen Schaft 6 
mit einer ein Innengewinde 7 aufweisenden, koaxialen Bohrung 30 auf (Fig. 3). Der 
kreiszylindrische Schaft 6 erstreckt slch in die Kavitat 3 des unteren Implantatteiles 2 
und ist in der Kavitat 3 parallel zur Zentralachse 11 verschiebbar. Die beiden 
Implantatteile 2;5 sind gegen eine Rotation relativ zueinander um die Zentralachse 1 1 
gesichert, wobei zur Sicherung gegen Rotation des oberen Implantatteils 5 gegenuber 
dam unteren Implantatteil 2 der kreiszylindrische Schaft 6 des oberen Implantatteils 5 
zwei parallel zur Zentralachse 11 und seitlich am Schaft 6 angebrachte Keile 16 
aufweist. Der Mantel 14 des unteren Implantteils 2 weist an seiner Innenseite zwei 
seitlich angebrachte Ftihrungsschlitze 17 auf, welche zur Aufnahme der Keile 16 
dienen. Die Keile 16 sind axial verschiebbar in den Fuhrungsschlitzen 17 gelagert. 
Dabei weist der kreiszylindrische Schaft 6 am oberen Implantatteil 5 einen kleineren 
Durchmesser auf als die Kavitat 3 am unteren Implantatteil 2, so dass die beiden 
Implantatteile 2;5 nur durch die beiden Keile 16 in den FQhrungsschlitzen 17 
miteinander in Beruhrung stehen. 

Ferner umfasst das Zwischenwirbelimplantat 1 eine Gewindesplndel 9 mit einem 
Aussengewinde 10. Diese Gewindespindel 9 ist koaxial zur Zentralachse 11 
angeordnet und weist eine untere Flache 12 auf, welche senkrecht zur Zentralachse 11 
steht und auf dem unteren Implantatteil 2 aufliegt. Das Aussengewinde 10 der 
Gewindespindel 9 ist zum Innengewinde 7 in der im Schaft 6 im oberen Implantatteil 5 
angebrachten Bohrung 30 komplementar ausgestaltet, so dass die Gewindespindel 9 in 
das Innengewinde 7 einschraubbar ist. Durch Drehen der Gewindespindel 9 um die 
Zentralachse 1 1 werden die beiden Implantatteile 2;5 somit parallel zur Zentralachse 1 1 
relativ zueinander verschoben, so dass der Abstand zwischen den beiden 
Appositionsteilen 4;8 stufenlos veranderbar ist, Ferner ist die Gewindespindel 9 axial 
test aber um die Zentralachse 11 rotativ bewegbar mit dem unteren Implanatteil 2 
verbunden. Diese Verbindung umfasst hier eine Klippverbindung, welche durch einen 
torusformigen Hinterschnitt 21 an dem endstandig am unteren Ende 26 der 
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Gewindespindel 9 angeordneten Zapfen 36 (Fig. 3) und einem in der ebenfalls zur 
Zentralachse 11 koaxialen Bohrung 35 angebrachten kreisringformigen Wulst 22 
realisiert ist. Durch den in den Hinterschnitt 21 am Zapfen 36 einrastbaren 
kreisringformigen Wulst 22 in der Bohrung 35 werden die Gewindespindel 9 und das 
untere Implantatteil 2 axial fest miteinander verbunden. 

Zwischen dem Aussengewinde 10 und dem endstandigen Zapfen 36 umfasst die 
Gewindespindel 9 einen zur Zentralachse 11 koaxialen Zahnkranz 23. Ferner sind 
seitlich am Mantel 14 zwei senkrecht zur Zentralachse 11 verlaufende Schlitze 15 
angebracht. Zur Verstellung des Abstandes zwischen den Appositionsteilen 4;8 mittels 
Drehen der Gewindespindel 9 um die Zentralachse 11 wird das beispielsweise 
gabelformige Vordertell eines Instrumentes in den Schlitzen 15 positioniert und das 
Instrument abgestutzt. Das Instrument umfasst vorzugsweise am hinteren rotative 
Antriebsmittel, beispielsweise einen Drehgriff, welcher durch eine Achse mit einem 
beispielsweise am vorderen Ende des Instrumentes angeordneten Umlenkgetriebe 
verbunden ist. Durch das Umlenkgetriebe wird die Rotationsbewegung des Drehgriffes 
beispielsweise In eine Rotationsbewegung mIt senkrecht zur Achse des Drehgriffes 
stehender Rotationsachse gewandelt, so dass bel positloniertem Instrument das 
endstandige Zahnrad des Umlenkgetriebes mit dem Zahnkranz 23 in Eingriff bringbar 
ist. 

Die anterioren Seitenflachen 41;82 der zwei Appositionsteile 4;8 sind mit je einer 
kreisformigen Ausnahme 13; 18 ausgestaltet. Diese Ausnahmen 13; 18 eignen sich zur 
Aniagerung von Spongiosa. 

Eine Bohrung 32 mit Innengewinde 25 (Fig. 5) durchdringt die Aussenwand des 
Schaftes 6 quer zur Zentralachse 1 1 derart, dass mittels einer in das Innengewinde 25 
einschraubbaren Stellschraube 24 die Gewindespindel 9 im oberen Implantatteil 5 
blocklerbar ist Die Stellschraube 24 dient zur Rotationssicherung der Gewindespindel 9 
nach Einstellung des gewunschten Abstandes zwischen den Appositionsteilen 4;8. 
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Patentanspruche 

1 . Zwischenwirbelimplantat (1 ) mit 

A) einem unteren Implantatteil (2), welches eine Zentralachse (11) und einen zur 
Aniage an die Deckflache des angrenzenden unteren WIrbels bestimmten 
Appositionsteil (4) umfasst; 

B) einem oberen Implantatteil (5) mit einer ein Innengewinde (7) aufweisenden Bohrung 
(30) und Zentralachse (11) und einem zur Aniage an die Deckflache des angrenzenden 
oberen Wirbels bestimmten Appositionsteil (8); wobei 

C) die beiden Implantatteile (2;5) relativ zueinander gegen Rotation um die 

Zentralachse (11) gesichert sind; sowie 

D) einer im oberen Implantatteil (5) gefuhrten und mit dem unteren Implantatteil (2) 
verbundenen Gewlndespindel (9) mit Aussengewinde (10), welches mit dem 
Innengewinde (7) zusammenwirkt; wobei 

E) die beiden Implantatteile (2;5) und die Gewindespindel (9) koaxial langs ihrer 
gemeinsamen Zentralachse (11) angeordnet sind, 

dadurch gekennzeichnet, dass 

F) die Gewindespindel (9) axial fest aber rotativ beweglich mit dem unteren 
Implantatteil (2) verbunden 1st; und 

G) durch Verdrehen der Gewindespindel (9) auf dem Innengewinde (7) der Abstand 
zwischen den beiden Appositionsteilen (4;8) stufenlos veranderbar 1st. 

2. Zwischenwirbelimplantat (1) nach Anspruch 1, dadurch gekennzeichnet, dass die 
Gewindespindel (9) mittels einer Klippverbindung am unteren Implantatteil (2) axial fest 
aber rotativ beweglich befestigt ist. 

3. Zwischenwirbelimplantat (1) nach Anspruch 2, dadurch gekennzeichnet, dass die 
Klippverbindung elastisch deformierbare Segmente an der Gewindespindel (9) und am 
unteren Implantatteil (4) umfasst. 

4- Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 3, dadurch 
gekennzeichnet, dass die Gewindespindel (9) einen zur Zentralachse (11) 
konzentrischen Zahnkranz (23) umfasst. 
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5. Zwischenwirbelimplantat (1) nach Anspruch 3 oder 4, dadurch gekennzeichnet, dass 
die Klippverbindung aus einem torusformigen Hinterschnitt (21) in der Gewindespindel 
(9) und einem damit korrespondierenden ringformigen Wulst (22) am unteren 
Implantatteil (2) gebildet wird. 

6. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 5, dadurch 
gekennzeichnet, dass die Gewindespindel (9) eine senkrecht zur Zentraiachse (11) 
stehende untere, auf dem unteren Implantatteil (2) aufliegende Flache (12) aufweist. 

7. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 6, dadurch 
gekennzeichnet, dass der untere Implantatteil (2) koaxial zur Zentraiachse (11) eine 
posteriore, hohlzylindrische Kavitat (3) mit einem Mantel (14) umfasst. 

8. Zwischenwirbelimplantat (1) nach Anspruch 7, dadurch gekennzeichnet, dass der 
obere Implantatteil (8) einen im wesentlichen kreiszylindrischen Schaft (6) umfasst und 
die Bohrung (30) mit Innengewinde (7) den Schaft (6) axial durchdringt 

9. Zwischenwirbelimplantat (1) nach Anspruch 7, dadurch gekennzeichnet, dass der 
Mantel (14) des unteren Implantatteils (2) mindestens einen senkrecht zur Zentraiachse 
(11) stehenden Schlitz (15) aufweist, welcher geeignet ist ein Instrument gegenQber 
dem Zahnkranz (23) zu positionieren und abzustutzen. 

10. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 9, dadurch 
gekennzeichnet, dass die zwei Appositionsteile (4;8) je eine anteriore Seltenflache 
(41 ;81) aufweisen, und dass der Mantel (14) anterior offen ist. 

11. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 10, dadurch 
gekennzeichnet, dass zur Sicherung gegen Rotation des oberen Implantatteils (5) 
gegenQber dem unteren Implantatteil (2), der kreiszylindrische Schaft (6) des oberen 
Implantatteils (5) mindestens einen parallel zur Zentraiachse (11) und seitlich 
angebrachten Keil (16) aufweist und der Mantel (14) des unteren Implantteils (2) an 
seiner Innenseite mindestens einen seitlich angebrachten FQhrungsschlitz (17) zur 
axial verschiebbaren Aufnahme des mindestens einen Keils (16) aufweist. 
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12. Zwischenwirbelimplantat (1) nach Anspruch 11, dadurch gekennzeichnet, dass der 
kreiszylindrische Schaft (6) einen geringeren Umfang aufweist als die Kavitat (3), so 
dass sich die beiden Bauteile nur durch die beiden Keile (16) in den Fuhrungsschlitzen 
(17) beruhren. 

13. Zwischenwirbelimplantat (1) nacii einem der Anspruche 1 bis 12. dadurch 
gekennzeichnet, dass das Innengewinde (7) und das Aussengewinde (10) der 
Gewindespindel (9) selbsthemmend ausgebildet sind. 

14. Zwischenwirbelimplantat (1) nach Anspruch 13, dadurch gekennzeichnet, dass die 
Steigung des Innengewindes (7) und des Aussengewindes (10) im Bereich von 0,5 bis 
1,0 mm, vorzugsweise von 0,6 - 0,8 mm liegt. 

15. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 14, dadurch 
gekennzeichnet, dass sowohl das Innengewindes (7) als auch das Aussengewinde 
(10) als Rechtsgewinde ausgebildet sind. 

16. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 15, dadurch 
gekennzeichnet, dass die beiden Appositionsteile (4;8) je eine anteriore Seitenflache 
(41;81) aufweisen, welche mit je einer kreisformigen Ausnahme (13;18) versehen sind, 
welche zur Aniagerung von Spongiosa geeignet sind. 

17. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 16, dadurch 
gekennzeichnet, dass die beiden Appositionsteile (4,8) als quer zur Zentralachse (11) 
stehende, plattenformige Elemente mit einer zur Aniage an die Deckflache des 
angrenzenden Wirbels bestimmten Appositionsflache (19;20) ausgebildet sind. 

18. Zwischenwirbelimplantat (1) nach Anspruch 17, dadurch gekennzeichnet, dass die 
Appositionsflachen (19;20) nicht orthogonal zur Zentralachse (11) angeordnet sind und 
vorzugsweise einen Wlnkel 80° bis 89 ° mit der Zentralachse (11) einschllessen. 
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19. Zwischenwirbelimplantat (1) nach Anspruch 18, dadurch gekennzeichnet, dass die 
beiden Appositionsflachen (19;20) einen Winkel von T bis 20"* untereinander 
einschliessen. 

20. Zwischenwirbelimplantat (1) nach einem der AnsprQche 17 bis 19, dadurch 
gekennzeichnet, dass die beiden Appositlonstelle (4;8) je zwei zur sagittalen Richtung 
parallele, laterale Seitenflachen (43;44;83;84) aufweisen und mindestens eine der 
beiden Appositionsflachen (19,20), vorzugsweise diejenige des oberen Implantatteils (5) 
eine in sagittaler Richtung verlaufende Wolbung aufweist, 

21. Zwischenwirbelimplantat (1) nach einem der Anspruche 8 bis 20, dadurch 

gekennzeichnet, dass der Schaft (6) eine quer zur Zentralachse (11) angeordnete 
Bohrung (32) mit einem Gewinde (25) aufweist, und eine Stellschraube (24) zur 
Rotationssicherung der Gewlndespindel (9) urn die Zentralachse (11) in das Gewinde 
(25) schraubbar ist. 

22. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 21, dadurch 
gekennzeichnet, dass es mindestens tellweise aus einem rontgenstrahlendurchiasslgen 
Material gefertigt ist, vorzugsweise aus PEEK. 
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GEANDERTE ANSPRtrCHE 
[beim Intemationalen BOro am 07 Oktober 2003 (07.10.03) eingegangen; 
ursprungliche Anspriiche 1-4 geandert (1 Seite)] 

1. Zwischenwirbelimplantat (1) mit 

A) einem unteren Implantatteil (2), welches eine Zentralachse (11) und einen zur 
Aniage an die Deckflache des angrenzenden unteren Wirbels bestimmten 
Appositionsteil (4) umfasst; 

B) einem oberen Implantatteil (5) mit einer ein Innengewinde (7) aulWeisenden Bohrung 
(30) und Zentralachse (11) und einem zur Aniage an die Deckflache des angrenzenden 
oberen Wirbels bestimmten Appositionsteil (8); wobei 

C) die beiden Implantatteile (2;6) relativ zueinander gegen Rotation um die 
Zentralachse (11) gesichert sind; sowie 

D) einer im oberen Implantatteil (5) gefuhrten und mit dem unteren Implantatteil (2) 
verbundenen Gewindespindel (9) mit Aussengewinde (10), welches mit dem 
Innengewinde (7) zusammenwirkt; wobei 

E) die beiden Implantatteile (2;5) und die Gewindespindel (9) koaxial langs ihrer 
gemelnsamen Zentralachse (1 1) angeordnet sind, 

F) die Gewindespindel (9) axial fest aber rotativ beweglich mit dem unteren 
Implantatteil (2) verbunden ist; und 

G) durch Verdrehen der Gewindespindel (9) auf dem Innengewinde (7) der Abstand 
zwischen den beiden Appositionsteilen (4;8) verSnderbar ist, 

dadurch gekennzeichnet, dass 

H) der Abstand zwischen beiden Appositionsteilen (4;8) stufenlos verSnderbar ist. 

2. Zwischenwirbelimplantat (1) nach Anspruch 1, dadurch gekennzeichnet, dass die 
Gewindespindel (9) mittels einer Klippverbindung am unteren Implantatteil (2) axial fest 
aber rotativ beweglich befestigt ist. 

3. Zwischenwirbelimplantat (1) nach Anspruch 2, dadurch gekennzeichnet, dass die 
Klippverbindung elastisch deformierbare Segmente an der Gewindespindel (9) und am 
unteren Implantatteil (4) umfasst 

4. Zwischenwirbelimplantat (1) nach einem der Anspruche 1 bis 3, dadurch 
gekennzeichnet, dass die Gewindespindel (9) einen zur Zentralachse (11) 
konzentrischen Zahnkranz (23) umfasst. 
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Fig. 2: 
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BODIES OF A SPINAL COLUMN 

(54) Titre : DISPOSITIF DE MISE EN PLACE D'UNE CAGE INTERSOMATIQUE REVERSIBLE ENTRE LES CORPS VER- 
TEBRAUX 




(57) Abstract: The invention relates to a placement device, comprising a tool (14) with a manipulating grip (19) fixed to a tube (20), 
assembly means (23, 24, 33) and a follower bar (21) guided and inmiiobilised within the tube (20). 

(57) Abrege : Le dispositif de mise en place suivant la presente invention comporte un outil (14) qui est constitue d'une poignee de 
prehension (19) solidaire d'un tube (20), de moyens d' assemblage (23, 24, 33) et d'une tige suiveuse (21) guidee et immobilisee a 
rinterieur du tube (20). 
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DISPOSITIF DE MISE EN PLACE D'UNE CAGE 
INTERSOMATIQUE REVERSIBLE ENTRE LES CORPS 

VERTEBRAUX 



La presente invention est relative a un dispositif de mise en place d'une cage 
intersomatique entre les corps vertebraux d'une colonne vertebrate. 

10 Egalement, la presente invention est relative a une tige suiveuse pernnettant le 
reperage de la cage intersomatique pendant Toperation chirurgicale. 

Le dispositif de mise en place d'une cage intersomatique suivant la presente 
invention comporte un outll qui est constitue d'une poignee de prehension 
15 solidaire d'un tube et des moyens d'assemblage pour la fixation d'une tige 
suiveuse a I'interieur du tube. 

Le dispositif de mise en place suivant la presente invention comporte des moyens 
d'assemblage qui sont constitues d'une tige guidee a I'interieur de I'alesage du 
20 tube, d'une molette permettant Tentramement en rotation de la tige, et d'un profil 
hexagonal prevu dans I'alesage dudit tube pour le blocage en rotation de la tige 
suiveuse a I'interieur du tube. 

Le dispositif de mise en place suivant la presente invention comporte une poignee 
25 comprenant un logement a I'interieur duquel tourne en rotation la molette afin 
d'entraTner a I'interieur de I'aiesage du tube la tige, ledit logement 6tant ferme au 
dessus de la molette par une platine formant une zone de frappe sur I'outil. 

Le dispositif de mise en place suivant la presente invention comporte une tige 
30 suiveuse comprenant une partie filet^e et a I'oppose de cette demiere un profil 
hexagonal ou analogue se prolongeant par une extremite filetee. 

Le dispositif de mise en place suivant la presente invention comporte un tube 
comprenant a I'oppose de la poignee des ergots. 

35 

Le dispositif de mise en place suivant la presente invention comporte un tube 
comprenant dans sa partie interne un premier alesage qui se prolonge par un 
second alesage dont le diametre interne est inferieur a celui du premier. 

40 La description qui va suivre en regard des dessins annexes, donnes a titre 
d'exemples non limitatifs, permettra de mieux comprendre invention, les 
caracteristiques qu'elle presente et les avantages qu'elle est susceptible de 
procurer : 

45 Figure 1 est une vue en perspective illustrant la cage intersomatique suivant la 
presente invention. 
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Figure 2 est une vue representant les corps verlebr^ux des vertebras sus et sous 
jacentes d'une colonne vertebrale vue de face entre lesquels sont introduit les 
cages intersomatiques suivant la presente invention. 

5 Figure 3 est une vue representant les corps vertebraux des vertebres sus et sous 
jacentes d'une colonne vertebrale vue de prof 11 entre lesquels sont introduites les 
cages intersomatiques suivant la presente invention. 

Figure 4 est une vue en perspective montrant le dispositif ou rinstrumentation 
1 0 pour la mise en place de la cage intersomatique. 

Figure 5 est une vue en perspective representant une tige suiveuse permettant la 
liaison mecanique entre la cage intersomatique et le dispositif de mise en place 
suivant la presente invention, 

15 

Figure 6 est une vue en coupe illustrant la tete de manoeuvre du dispositif de mise 
en place suivant la presente invention. 

Figure 7 est une vue en coupe montrant la fixation de la tige suiveuse a I'extremite 
20 du dispositif de mise en place suivant la presente invention. 

Figures 8 et 9 sont des vues representant la cage intersomatique montee sur le 
dispositif de mise en place suivant la presente Invention. 

25 On a montre en figure 1 une cage intersomatique 1 presentant un profil courbe 
pour affecter par exemple la forme d'une demi banane. 

La cage intersomatique 1 est constituee d'un corps 2 realise dans un materiau 
radio translucide, c'est a dire, qu'elle n'est pas visible lors de prises de vue 
30 radiologique. Le materiau utilise peut §tre, par exemple, du fait de ses 
caracteristiques techniques et physiques un materiau commercialise sous le nom 
de PEEK. 

La cage intersomatique 1 est constituee d'un corps 2 presentant en son milieu un 
35 espace traversant 3 destine a recevoir, par exemple, un greffon osseux non 
represente. 

Le corps 2 comporte des bords superieurs 4 et inferieurs 5, des face laterales 
courbes 6, 7 reunies entre elles par une face avant 8 a profil arrondi et une face 
40 arriere 9 plane, Tensemble delimitant I'espace interne 3. 

Les bords superieurs 4 et inferieurs 5 comportent respectivement de part et 
d'autre de I'espace interne 3 des dents 10 a profil incline qui sont dirigees vers la 
face arriere 9 du corps 2 de la cage 1 . 

45 

Le profil des dents 10 est prevu pour constituer un element de retenue de la cage 
intersomatique 1 entre les corps vertebraux des vertebres sus et sous jacentes 
VS, VI d'une colonne vertebrale. 
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La face laterals 6 formant la face interne au rayon de courbure du corps 2 en 
forme de demi banane est percee de deux trous 11 et 12 debouchant a Tinterieur 
de I'espace interne 3, De fait, I'autre face laterale 7 constitue la face externe au 
rayon de courbure du corps 2 en forme de demI banane. 

5 

La face arrlere 9 est percee d'un alesage filete 13 qui est destine a cooperer avec 
un outil 14 pour Tintroduction et la manipulation de la cage intersomatique 1 entre 
les corps vertebraux des vertebres sus et sous ja9entes VS, VI d'une colonne 
vertebrale. 

10 

L'alesage filete 13 est prevu pour deboucher a Finterieur de I'espace interne 3 du 
corps 2 de la cage intersomatique 1 . 

Le corps 2 comporte, au niveau de la jonction entre les faces laterales 6, 7 avec la 
15 face arriere 9 et de part et d'autre de Talesage 13, deux encoches 15 et 16 
debouchant ou non a I'lnterieur de I'espace interne 3 du corps 2 de la cage 
intersomatique 1 . 

Le corps 2 de la cage Intersomatique 1 comporte au niveau de la face avant 8 un 
20 premier marqueur 17 dispose suivant une direction verticale et au niveau de la 
face arriere 9 un second marqueur 18 place suivant une direction horizontale et 
perpendiculaire au premier. 

Le premier marqueur 17 est positionne a Tavant de la cage intersomatique 1 et 
25 centre sur I'axe principal de cette derniere de maniere que la distance entre les 
faces internes et externes soit identique. 

Le second marqueur 18 est positionne suivant une direction horizontale qui est 
decalee par rapport aux axes principaux de la face arriere 9 ou de Talesage filete 
30 1 3 de la cage intersomatique 1 . 

Le decalage du second marqueur 18 sur la face arriere 9 permet le reperage 
radiographique entre la cage intersomatique droite et gauche lors d'une vue de 
face de la colonne vertebrale d'un patient (figure 2). 

35 

En effet la cage intersomatique 1 suivant la presente invention est reversible, c'est 
a dire, quelle est susceptible d'etre implantee entre les corps vertebraux a droite 
et a gauche de i'axe vertical passant par les vertebres de la colonne vertebrale. 

40 Egalement lors d'une vue de prof II la position des Irnarqueurs 17 et 18 entre les 
deux cages intersomatiques 1 implantes entre les corps vertebraux VS, VI permet 
de verifier I'enfoncement respectif des deux cages entre elles (figure 3). 

On note que sur la vue de profil la cage intersomatique 1 de droite est celle 
45 presentant le marqueur 18 en position haute, tandis que la cage intersomatique 1 
de gauche est reperee par le marqueur 1 8 se trouvant en position la plus basse. 

Cette mise en place a droite et gauche de la cage intersomatique 1 est obtenue 
par une simple rotation de cette derniere autour de son axe longitudinal afin que 
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chaque face interne 6 de plus petit rayon de courbure soit toujours disposee I'une 
en face de Tautre. 

Les marqueurs 17, 18 sont realises dans un fil cylindrique ou d'une autre fornne 
5 geometrique traversant de part en part la cage intersonnatique 1 . 

Les marqueurs 17, 18 sont realises dans un materiau susceptible d'etre visible 
lors d'un cliche radlographique de maniere a permettre de visualiser la position 
des cages intersomatiques 1 entre elles et par rapport aux corps vertebraux des 
1 0 vertebres sus et sous jacentes VS, VI d'une colonne vertebrale. 

En effet, il est generalement introduit entre les corps vertebraux des vertebres sus 
et sous jacentes VS, VI d'une colonne vertebrale deux cages intersomatiques 1 
qui sont positionnees I'une par rapport a I'autre de maniere que les faces laterales 
15 internes 6 soient disposees Tune en face de I'autre. 

Ainsi, les marqueurs 17 et 18 permettent de verifier la position des deux cages 
I'une par rapport a I'autre et de reperer la cage droite de la cage gauche 
lorsqu'elles sont introduites entre les corps vertebraux des vertebres sus et sous 
20 jacentes VS, VI d'une colonne vertebrale {figures 2, 3). 

On constate que lors d'une vue de face de la colonne vertebrale 11 est placee entre 
les corps vertebraux des vertebres sus et sous jacentes VS, VI une cage 1 a 
droite et une cage a gauche de I'axe vertical de ladite colonne vertebrale. 

25 

Ainsi, la cage intersomatique 1 dite a droite est reperee grace a la position des 
marqueurs 17, 18 dont le second 18 se trouve au dessus de I'alesage filete 13 
menage dans la face arriere 9 (figure 2). 

30 La cage intersomatique 1 dite k gauche est rep6ree grace a la position des 
marqueurs 17, 18 dont le second 18 se trouve au dessous de I'alesage filete 13 
menage dans la face arriere 9 (figure 2). 

Ainsi, on constate que la cage intersomatique 1 est reversible pour etre 
35 positionnee soit a droite soit a gauche et entre les corps vertebraux des vertebres 
sus et sous jacentes VS, VI d'une colonne vertebrale 

On a represents en figures 4 a 7 un outil 14 permettant la mise en place et 
I'introduction de la cage intersomatique 1 entre les corps vertebraux des vertebres 
40 sus et sous jacentes VS, VI d'une colonne vertebrale au moyen d'une tige 
suiveuse 21. 

L'outil 14 est constitue d'une poignee de prehension 19 solidaire d'un tube 20 
comportant dans sa partie interne un premier alesage 31 qui se prolonge par un 
45 second alesage 32 dont le diamdtre interne est inferieur a celul du premier. 

La poignee 19 comporte un logement 22 a Tinterieur duquel tourne en rotation 
une molette 23 afin d'entraTner a I'interieur de I'alesage 31 du tube 20 une tige 24. 
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Le logement 22 est ferme au dessus de la molette 23 par une platine 25 formant 
une zone de frappe sur I'outil 14. 

Le tube 20 comporte a I'oppos^ de la poignee 1 9 des ergots 26, tandls que son 
5 alesage interne 32 presente une partle 33 a profil hexagonal ou analogue. 

La tige 24 est fixee a la molette 23 par I'intermediaire d'une vis de serrage 34, 
tandls qu'elle comporte a l'oppos6 de la molette 23 un al6sage fllet§ 27. 

10 La tige suiveuse 21 comporte une partie filetee 28 et a I'oppose de cette dernlere 
un profil hexagonale ou analogue 29 se prolongeant par une extremite filetee 30. 

On a montre en figures 6 a 7 I'outil 14 qui porte k I'extremite opposee a celle de la 
poignee 19 une cage intersomatique 1. 

15 

La tige suiveuse 21 est assemblee de maniere que son extr6mlt6 filetee 30 
coopere avec I'alesage filete 13 prevu dans la face arriere 9 du corps 2. 

La tige suiveuse 21 est entraTn6e en rotation au moyen du profil hexagonal 29 afin 
20 que la cage intersomatique 1 soit parfaitement malntenue au bout de cette 
derni^re. 

Ensuite la tige suiveuse 21 est assemblee a I'outil 14 de maniere que sa partie 
filetee 28 coopere avec I'alesage filete 27 de la tige 24. La fixation de la tige 
25 suiveuse 21 est obtenue par Tentramement en rotation de la tige 24 par la molette 
23 situee au niveau de la poignee 1 9 de I'outil 1 4. 

La rotation de la tige 24 permet d'introduire la tige suiveuse 21 ^ I'int^rieur de 
I'alesage interne 32 du tube 20 jusqu'a ce que le profil hexagonal 29 coopere avec 
30 la partie a profil complementaire 33 dudit tube. 

Le deplacement en translation de la tige suiveuse 21 a I'lnterieur du tube 20 est 
effectu^ jusqu'^ ce que les ergots 26 pen^trent k I'lnterieur des encoches 15 et 16 
prevues au niveau de la face arriere 9 de la cage Intersomatique 1 (figures 8, 9). 

35 

La cooperation des ergots 26 du tube 20 avec les encoches 15, 16 de la cage 
intersomatique 1 permet le blocage en rotation de la tige suiveuse 21 a Tinterleur 
dudit tube. 

40 Ainsi, le chirurgien peut introduire entre les corps vertebraux des vertebres sus et 
sous jacentes VS, VI d'une colonne vertebrate la premiere cage intersomatique 1 
a I'aide de I'outil 14. 

Cette introduction peut etre par exemple formee par des frappes successives 
45 realisees a I'aide d'un marteau sur la platine 25 sans risque de blocage des 
parties filetees de I'outil 14 avec la tige suiveuse 21 et cette dernlere avec la cage 
intersomatique 1 . 
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Des que la premiere cage intersomatique 1 est introduite, le chirurgien retire Poutil 
14 en entraTnant en rotation la molette 23 pour liberer la tige suiveuse 21 bloquee 
en rotation par les profils complementaires 29, 33de la tige 24 guidee a I'lnterieur 
du tube 20. 

5 

Apres le retralt de I'outil 14, on constate que la tige suiveuse 21 reste assemblee 
avec la premiere cage intersomatique 1. Ainsi, le chirurgien peut reperer 
visuellement la position de la cage intersomatique 1 entre les corps vertebraux 
des vertebras sus et sous jacentes VS, VI d'une colonne vertebrate grace a la tige 
1 0 suiveuse qui sort du champ operatolre. 

Egalement, le chirurgien peut agir sur la tige suiveuse 21 pour changer la position 
de la cage intersomatique 1 entre les corps vertebraux des vertebres sus et sous 
jacentes VS, VI d'une colonne vertebrate grace a la tige suiveuse qui sort du 
1 5 champ operatoire. 

La tige suiveuse 21 est retiree de la cage intersomatique 1 au moyen de son profil 
hexagonal 29 qui permet son entramement en rotation par un outil quelconque. 

20 II doit d'ailleurs etre entendu que la description qui precede n'a ete donnee qu'a 
titre d'exemple et qu'elle ne llmite nullement le domaine de Tinvention dont on ne 
sortirait pas en remplagant les details d'executions decrits par tout autre 
equivalent. 
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REVENDICATIONS 



5 

1 . Dispositif de mise en place d'une cage intersomatique, caracterise en ce qu'il 
comporte un outil (14) qui est constitue d'une poignee de prehension (19) 
solidaire d'un tube (20), d'une tige suiveuse (21) guidee et immobilisee a 
rinterieur du tube (20) et des nnoyens d'assemblages qui sont constitues d'une 
10 tige (24) guidee a I'Interieur d'un premier alesage (31) du tube (20), d'une 
molette (23) permettant I'entraTnement en rotation de la tige (24), et d'un profil 
liexagonal (33) prevu dans un second alesage (32) dudit tube pour le blocage 
en rotation de la tige suiveuse (21) a I'lnterieur du tube (20). 

15 2. Dispositif de mise en place suivant la revendication 1, caracterise en ce que 
la poignee (19) comporte un logement (22) a I'interieur duquel tourne en 
rotation la molette (23) afin d'entraTner a rinterieur de I'alesage (31) du tube 
(20) la tige (24), le logement (22) est ferme au dessus de la molette (23) par 
une platine (25) formant une zone de frappe sur I'outil (14). 

20 

3. Dispositif de mise en place suivant la revendication 1 , caracterise en ce que 

la tige suiveuse (21) comporte une partie filetee (28) et a ('oppose de cette 
derniere un profil hexagonal ou analogue (29) se prolongeant par une 
extremite filetee (30). 

25 

4. Dispositif de mise en place suivant la revendication 1 , caracterise en ce que 
le tube (20) comporte a Toppose de la poignee (19) des ergots (26). 

5. Dispositif de mise en place suivant la revendication 1 , caracterise en ce que 
30 le tube (20) comporte dans sa partie interne un premier alesage (31) qui se 

prolonge par un second alesage (32) dont le diametre interne est inferieur a 
celui du premier. 



35 
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FIGURE 2 
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FIGURE 3 
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(54) Title: INTERBODY SPINE FUSION CAGE 



(57) Abstract: An improved spine fusion cage is provided which is particularly useful with biological compounds which are utilized 
in place of or in combination with a patient' s bone matter. In one embodiment there is provided a cage with preselected perforated 
and non-perforated zones to direct the growth of bone in desired directions. In another embodiment there is provided a cage having 
inner and outer perforated cage bodies separated by an annulus. An end closure with occluding surfaces suitable for introduction 
into the annulus serves to establish one or more desired zones or patterns of occluded apertures in the cage body. In still another 
embodiment an end closure having occluding surfaces is provided for use in connection with conventional perforated fusion cages 
so as to establish desired zones or patterns of occluded apertures. 
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INTERBODY SPINE FUSION CAGE 
BACKGROUND OF THE INVENTION 

Technical Field: 

This invention is directed to improved devices for facilitating the fusion of 
5 vertebral bone 

structure, which devices can be inserted either anteriorly or posteriorly into the spine. 
Background : 

Chronic back problems cause pain and disability for a large segment of the 
population. In many cases, such problems are attributable to relative movement between 

1 0 vertebrae in the spine. Spinal surgery includes procedures to stabilize adj acent vertebrae. 

Common stabilization methods often involve fusing adjacent vertebrae together. 

Fusion techniques include removing disc material which separates the vertebrae 
and impacting bone into the disc area. The impacted bone fuses with the bone material 
ofthe two adjacent vertebrae to thereby fuse the vertebrae together. In a further advance 

15 in the art, spinal implants have been developed to increase the probability of a successful 

fusion. Such devices generally comprise a hollow cylindrical cage into which bone 
growth inducing substances, such as bone chips or bone slurry, may be placed. The cage 
wall has holes extending radially therethrough, typically throughout the entire cage 
surface. The combination of the cage and bone growth inducing substance facilitates 

20 arthrodesis between the adjacent vertebral bone structures. Fusion cages in both a 

threaded and non-threaded form have come into wide use in the last several years. Such 
cages are mserted either anteriorly or posteriorly into the spine in the intervertebral disc 
space to fuse the adjacent vertebrae as aforedescribed and to decompress neural elements. 
With tiie continued development of techniques for achieving spinal fusion through 

25 the use of spine fusion cages, there has also been developed new materials to augment 

the fusion process. In the older method, the patient's own bone, or cadaver bone, was 
used in Ihe cage to promote bony fiision. Newer biologic materials have now been 
discovered that greatly augment the fusion process and in some cases make using the 
patient's own bone unnecessary. 

30 However, with the utilization ofthe newer biologic materials there has arisen a 

significant problem. When bone growdi accelerants, such as bone morphogenic protems, 



1 



wo 2004/008999 PCT/US2002/023262 

are used in cages of existing design there is risk of inducing the growth of bone around 
and into sensitive neural tissues. This is especially the case when a posterior approach 
is utilized to implant the fusion cage, as bony overgrowth in this direction may impinge 
on spinal nerve roots. It accordingly should be appreciated that there is a need for a 
5 fusion cage designed to be used with such biologic materials to prevent bone growth from 

impinging on nexjral tissue. 

It is thus an object of the present invention to provide an improved spine fusion 
cage which prevents the overgrowth of bone around and into sensitive areas of neural 
tissue. 

10 It is another object of the invention to provide a spine fusion cage having a feature 

whereby a surgeon may selectively occlude holes in the cage wall to prevent bone growth 
therethrough. 

A further object of this invention is to provide a novel closure for spine fusion 
cages which can be used with presently available fusion cages in preventing bone growth 
1 5 into undesirable areas. 

SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present invention there is provided a 
novel spine fusion cage which can be inserted into an intervertebral disc space using 
either a posterior or anterior approach and which prevents overgrowth of bone around or 

20 into neural tissue. Growth of bone into sensitive areas is prohibited by providing the cage 

with various zones wherein the cage wall is either perforated or non-perforated. A cage 
body is provided having a posterior end and an anterior end and defining an internal 
cavity and a longitudinal axis. The cage body has an outer surface and a plurality of 
radial apertures extending through the outer surface in communication with the internal 

25 cavity in a preselected pattern. Preferably, there is a first non-perforated zone extending 

from the posterior end of the cage a preselected length toward its anterior end, second and 
third non-perforated zones on the lateral sides of the cage extending in opposing relation 
from the first zone further toward the anterior end, and two opposed perforated zones 
oriented so that upon hisertion of the device the perforated zones will be adjacent the 

30 vertebral bodies to be fused to allow bone growth across the vertebral interspace. Each 
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end of the cage is provided with a non-perforated closure. In this manner bone growth 
is prevented in areas adjacent the non-perforated zones when the fusion cage is in place. 

hi accordance with another embodiment of the present invention there is provided 
a novel spine fusion cage which provides for the selective occlusion of apertxnres in the 
5 cage wall so as to prevent the growth of bone in tmdesired directions. As an example, 

there is provided an inventive cage having outer and iimer cage elements. An outer cage 
body having a posterior end and an anterior end defines an internal cavity. A plurality 
of radial apertures extend through the outer surface of the outer cage body to 
communicate with the internal cavity in a pattern covering a substantial portion of the 

1 0 outer surface of the cage body. An inner cage body is disposed within the internal cavity 

of the outer cage body and is positioned as to form an annulus between the inner wall 
surface of the outer cage body and the outer wall surface of the inner cage body. The 
inner cage body likewise has a plurality of radial apertures extending through its outer 
surface so as to establish communication with the annulus and the outer surface of the 

15 outer cage. An end closure means having occludiag surfaces suitable for introduction 

into the annulus between the outer and inner cages serves to establish one or more desired 
zones or patterns of occluded apertures amongst the plurality of apertures in the outer 
cage body, thereby obstructing bone growth in undesired directions. 

In still another embodiment there is provided an end closure means for effecting 

20 the closure of the posterior end of a fusion cage while establishing a desired occlusion 

pattern of apertures in the wall of the fusion cage. The closure means comprises a non- 
perforated sealing member to effect the closure of the posterior end of the internal cavity 
of the fusion cage and one or more occluding surfaces extending from the sealing 
member essentially parallel to the longitudinal axis of the fusion cage so as to establish 

25 one or more desired zones or patterns of occluded apertures amongst the plurality of 

apertures in the cage body. 

In additional embodiment, a cage body is provided that has a posterior end and 
an anterior end and defines an intemal cavity. The cage body further has an outer surface 
and a plurality of apertures extending through the outer surface in communication with 

30 the intemal cavity, wherein the outer surface has a preselected pattern of perforated and 

non-perforated zones. A first end closure is secured at a first end of said cage body. A 
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second end closure is provided that has an orifice therein. The second end closure is 
secured at a second end of the cage body. At least one of the first end closure and the 
second end closure is removable so as to provide access to the internal cavity, A plug is 
located in the orifice that is capable of being penetrated by a syringe needle for 
5 administering a bone growth accelerant to said internal cavity. Preferably, a carrier^ such 

as a sponge, receives the bone growth accelerant. By using this approach, chances for 
misapplication of bone growth material are greatly diminished. 

A better imderstanding of the present invention, its several aspects, and its 
advantages will become apparent to those skilled in tiie art from the following detailed 
1 0 description, taken in conjimction with the attached drawings, wherein there is shown and 

described the preferred embodiments of the invention, simply by way of illustration of 
the best mode contemplated for carrying out the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 anatomically illustrates a bilateral posterior insertion of two inventive 
15 cylindrical spine fusion cages to achieve fusion across the L5/S1 disc space. 

FIG. 2 is an exploded perspective view of an embodiment of an inventive cage 
having preselected perforated and non-perforated zones on its outer surface. 
FIG. 3 is a perspective view taken along line 3-3 of FIG. 2. 
FIG. 4 is a sectional view taken along line 4-4 of FIG, 2. 
20 FIG. 5 is perspective view of an embodiment of an inventive cage having outer 

and inner cage elements. 

FIG, 6 is a sectional view taken along line 6-6 of FIG, 5, 

FIG. 7 is a perspective view of an end closure for use in connection with the cage 
of FIG. 5. 

25 FIG. 8 a top sectional view of the cage of FIG. 5 including the end closure of FIG. 

7. 

FIG. 9 is an exploded side view of a conventional fusion cage modified to utilize 
an inventive end closure means to selectively occlude certain apertures in the outer 
surface of the cage. 

30 FIG. 1 0 depicts the partial insertion of the inventive closure means into the cage 
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of FIG, 9. 

FIG. 1 1 depicts the foil insertion of the inventive closure means into the cage of 

FIG. 9. 

FIG. 12 is top sectional view of a modified conventional cage including an 
5 inventive end closure means. 

FIG. 13 is an exploded perspective view of an embodiment of an inventive cage 
having an end cap and an injection port. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Several types of conventional spine fusion cages have been designed^ such as 

10 those described by Bagby, Brantigan and Ray, respectively, in Athrodesis by the 

Disti^action-Compression Method Using a Stainless Steel Implant, Orthopaedics 1988, 
Vol, 1 1 :93 1-4; ^ Carbon Fibre Implant to Aid Interbody Lumbar Fusion^ Spine 1991, 
16 (Suppl):S277-82 (with Steffee and Geiger); and Threaded Titanium Cages for Lumbar 
Interbody Fusions^ Spine 1997, 22:667-80; and as described in the patent art, for 

15 example, in U.S. Patent Nos. 4,501,269; 5,055,104; 5,571,192; 5,702,449; 5,876,457; 

5,906,616; 5,976,187; 5,980,522; 6,010,502; 6,015,436; and 6,039,762. Each of the 
foregoing publications and patents is incorporated herein by reference. 

Such devices provide for a relatively simple and effective technique for 
implenaenting lumbar interbody fusion by correcting any existing mechanical deformity 

20 of the spine while providing stability and a good environment until successful arthrodesis 

is obtained. These cage devices are hollow and are positioned between the articulating 
vertebrae, where they support and immobilize the joint as well as contain the growth of 
the bone graft that is packed into the internal cavity of the device. 

Anterior lumbar interbody fusion (ALIF) and posterior lumbar interbody fusion 

25 (PLIF) are two commonly adopted approaches for grafted lumbar interbody fusion with 

augmentation via a spine fusion cage. ALIF is performed through a retroperitoneal or 
transperitoneal approach with extensive discectomy followed by the placement of one or 
more cages in the vertebral interspace. In PLIF, partial or complete laminectomy and 
facetectomy is followed by posterior discectomy and the placement of one or more cages 

30 in the vertebral interspace. FIG. 1 is illustrative of a bilateral posterior insertion of two 



5 



wo 2004/008999 PCT/US2002/023262 

inventive cylindrical spine fusion cages 20 to achieve fusion across the L5/S1 disc space. 
The cages 20 are secured far enough apart from each other (by a few millimeters) to avoid 
contact and potential back-threading. It should be understood that the fusion cages of this 
invention can be installed in their operative positions via either the anterior or posterior 

5 approaches; however, the posterior approach is the most dangerous in regards for bony 

overgrowth impinging on neural tissue particularly when the cage is used along with bone 
growth inducing materials. 

The inventive cages 20 promote bony fusion by holding adjacent levels immobile 
and by allowing bone to grow only into the vertebral bodies an away from the sphial 

1 0 canal and nerve roots. Designs that do not control direction of growth are undesirable for 

use with biologic bone growth accelerants to the extent unchecked bony overgrowth may 
impinge upon neural tissues. Through the present invention there are provided designs 
for spine fusion cages which prevent bone growth around and into sensitive areas of 
neural tissue. 

15 Referring now to FIGS. 2-4, and in accordance witii one embodunent of the 

present invention, there is provided an inventive spine fusion cage 20 wherein growth of 
bone into sensitive areas is prohibited by providing the cage with various zones or areas 
wherein the cage wall is either perforated or non-perforated. A cage body 22 is provided 
having a posterior end 24 and an anterior end 26 and defining an internal cavity 28 and 

20 a longitudinal axis 30. The cage body 22 is typically between 20-25 nun in length and 

may be of a variety of diameters (if cyUndrical) and heights. The cage body 22 has an 
outer surface 32 and a plurality of radial apertures 34 extending through the outer surface 
32 in communication with the internal cavity 28 in a preselected pattern. Preferably, 
there is a first non-perforated zone 36 extending from the posterior end 24 of the cage 

25 body 22 a preselected length, preferably 5-10 mm, toward its anterior end 26, second and 

third non-perforated zones 38, 40 on the lateral sides of the cage body 22 extending in 
opposing relation from the first zone 36 further toward the anterior end 26, and two 
opposed perforated zones 42, 44 oriented cephalad (or to the superior side) and caudad 
(or to the inferior side) so that upon insertion of the device the perforated zones 42, 44 

30 will be adjacent the vertebral bodies to be fused to allow bone growth across the vertebral 

interspace. Each end 24, 26 of the cage body 22 is provided with a non-perforated 
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closure. In the illustrated embodiment, the anterior end 26 is closed by an integral non- 
perforated end wall 46, while tliere is provided a removable end cap 48 securable, by 
threaded attachment, friction fit or otherwise, to the posterior end 24 of the cage body 22. 
The end cap 48 may be provided with a recess 50 for receiving an insertion tool, for 
5 example if the end cap is made to threadably connect to the cage body, and there is 

preferably provided on the top of the end cap 48 a line score 52 for aiding proper 
orientation of the device in the vertebral interspace. 

The cage body 22 may be provided with threads 54, projections, ridges, 
protrusions, barbs, spurs or other insertion means to aid in placement of the cage within 

10 the interbody area. The anterior end 26 can be rounded in order to facilitate the insertion 

of the cage 20 relative to one or more bone structures. The cage 20 may be made of 
surgical steel, titanium or other acceptable implantable materials. Typically, the cage 20 
is countersunk into the vertebral interspace with the end cap 48 in place by using an 
insertion tool (not shown) to screw the cage 20 into position. Once the cage is properly 

15 aligned, the end cap 48 is removed so that bone growth inducing material can be packed 

into the intemal cavity 28 of the cage body 22, whereupon the end cap 48 is tightly 
replaced. 

As can now be appreciated, the inventive cage 20 prevents bone growth into areas 
adjacent the non-perforated zones when the fusion cage is in place. Because the posterior 

20 5-10 mm of the cage is non-perforated, including, importantly, the end cap, bony 

overgrowth is inhibited in areas immediately adjacent the posteriorly located neural 
tissues, hi similar fashion, lateral overgrowth of bone is impeded by the second and third 
non-perforated zones. Desired growth through the vertebral interspace, however, is 
facilitated via the perforated zones. 

25 It should be understood to be within the ordinary skill of one in the art to modify 

the placement of the various perforated and non-perforated zones as warranted by 
orthopaedic considerations to achieve desired bone growth and preclude unwanted bone 
growth. It is also within the ordinary skill of one in the art to modify the aforedescribed 
device for anterior insertion procedures by providing a removable end cap on the anterior 

30 end of the cage body and reversing the thread direction on the outside surface of the cage 

body. 
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As mentioned above, it is also advantageous for a surgeon to have the ability to 
selectively occlude apertures in the cage wall to prevent bone growth in undesired 
directions. Now referring to FIGS. 5-8, to achieve this object, and in accordance with 
another embodiment of the present invention, there is provided a spine fusion cage 120 
5 having an outer cage body 122 with a posterior end 124 and an anterior end 126 and 

defining an internal cavity 128 and a longitudinal axis 130. The outer cage body 122 has 
an outer surface 132 and a plurality of radial apertures 134 extending through the outer 
surface 132 in communication with the internal cavity 128 in a pattem covering a 
substantial portion of the outer surface 132 of the cage body 122. An inner cage body 

10 136 into which is placed bone growth inducing substances is disposed within the internal 

cavity 128 of the outer cage body 122 and is positioned as to form an annulus 138 
between the inner wall surface 140 of the outer cage body 122 and the outer wall surface 
142 of the iimer cage body 136. The inner cage body 136 likewise has a plurality of radial 
apertures 144 extending through its outer surface 142 so as to establish communication 

1 5 with the annulus 138 and the outer surface 132 of the outer cage body 122. A solid end 

closure 146 having opposed occluding surfaces 148, 150 suitable for introduction into the 
annulus 138 serves to establish one or more desired zones or patterns of occluded 
apertures amongst the plurality of apertures in the outer cage body 122, thereby 
obstructing bone growth in undesired directions. 

20 More specifically, as shown in FIG. 7 end closure 146 is comprised of a non- 

perforated cap or closure means 152 having occluding surfaces 148 and 150 extending 
fherefirom. Such surfaces may be of sufficient length to extend to the bottom of the cage 
member 120 as shown in FIG. 5 or may be of a more limited length so as to occlude only 
a portion of the apertures 134 in the outer cage body 122. The end closure 146 may be 

25 constructed so as to provide a top circumferential crown portion 154 and between the 

occluding surfaces 148, 150 a shoulder 156 which may engage a rib means 158, 160 as 
shown in FIG. 8 to act as a longitudinal stop and to limit the degree of rotation which can 
be made by occluding surfaces 148, 150 so as to maintain the selected occlusion pattem. 
When positioned within the amulus 138 of the fiision cage 120, the occluding surfaces 

30 148, 150 serve to close openings in the posterior end of the cage 120 as well as to occlude 

openings which are in a lateral position so as to effect bone growth through the apertures 
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in the caudal and cephalad directions when placed in the desired position between two 
vertebrae. Various interchangeable forms of end closures may be provided, for example 
having differently shaped and dimensioned occluding surfaces, so as to provide for the 
surgeon a selection which meets objectives according to various orthopaedic exigencies. 
5 It is also within the scope of this invention that the shape and dimensions of the occluding 

surfaces may be modifiable by the surgeon, such as if the occluding surfaces comprise 
a surgical plastic adapted to be cut or trimmed to achieve a desired configuration. In this 
manner, a cage possessing a full pattem of apertures can be used as a "xiniversal" cage in 
combination with one of a wide selection of end closures or a modifiable end closure to 

1 0 achieve any desired patterned of perforation. 

The end closure 146 can be threaded or otherwise designed to effect the closure 
of the posterior end of the cage 120 and may be provided with securing means such as 
square or hex-shaped recess 162 which can be used with a socket wrench to tightly 
position the end closure 146 in the posterior end of the fusion cage 120. In 

1 5 complementary fashion, threads may be provided at the posterior end of the cage 120 to 

receive a threaded end closure 146 or it can be so adapted that the end closure 146, when 
not threaded, can be simply snapped into place to effect the desired closing of the fusion 
cage 120. 

A thread 164 may be provided as part of the outer surface 132 of the fusion cage 
20 120. Such a thread can be replaced with a pliarality of discrete threads or a plurality of 

projections, ridges, protrusions, barbs or spurs and be within the spirit and scope of the 
invention. 

In assembly of the fusion cage of this embodiment of the invention, following 
introduction of the selected biologic material into the internal cavity 128 within the inner 

25 cage body 136, the annulus 138 remains clear so as to easily accept end closxure 146 

within the annulus 138 while the biologic materials are retained in the internal cavity 128. 
Through the dimensioning, shaping and rotation of occluding surfaces 148, 150 there is 
achieved an occlusion of apertures so as to define the desired pattem of apertures through 
which bone growth is to be permitted. 

30 In keeping with the teachings of the present invention, there is further provided 

a novel closure for conventional spine fusion cages which can be used with little or no 
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modification to presently available fusion cages in preventing bone growth into 
undesirable areas. This embodiment involves providing a means for the occlusion of 
selected apertures in currently available fusion cages, such as to those commonly referred 
to as Brantigan, BAK and Ray cages, so that bone growth is directed only toward the 
5 vertebral bodies and away from the spinal canal and nerve roots. 

Making reference now to FIGS, 9-11, there is illustrated an end closure 220 for 
effecting the closure of the posterior end 222 of a conventional fusion cage body 224 
while establishing a desired occlusion pattern of apertures in the wall of the cage body 
224, wliich cage possesses apertures 226 substantially entirely thereabout The end 

10 closvire 220 comprises a non-perforated sealing member 228 to effect the closure of the 

posterior end 222 of the cage body 224 and one or more occluding surfaces 230, 231 
extending from the sealing member 228 essentially parallel to the longitudinal axis 230 
of the cage body 224 so as to establish one or more desired zones or patterns of occluded 
apertures amongst the plurality of apertures in the cage body 224. Reference is made to 

1 5 the disclosure provided above with respect to the aforedescribed end closure 146, which 

disclosure is equally applicable to end closure 220 and further recitation is believed 
unnecessary. Suffice it to say that the prior described end closure 146 may be made 
adaptable to conventional fusion cages so as to achieve the objectives of the present 
invention. 

20 As depicted in FIG. 12, if desired the conventional type of fusion cage can be so 

modified as to provide ribs 232, 234 in association with the inner surface of the posterior 
end of the cage according to the teachings herein. FIG. 12 provides a top view of the 
fusion cage of FIG. 1 1 along the line 12-12 which shows the placement of the ribs 232 
and 234 to accommodate occluding surfaces 230, 231 of the end closure 220. 

25 Referring now to FIG. 1 3, an exploded view of an embodiment of an inventive 

cage 300 is shown having an end cap 302 and an end cap 304 having an orifice 306. 
Orifice 306 is preferably sealed with a plug 308, e.g. a silicone plug or a plug of another 
material capable of being penetrated by a syringe needle. A carrier 310 for bone growth 
accelerants, such as bone morphogenic proteins, is located in the interior of cage 300. 

30 A preferred carrier 310 is a sponge type material. In use, the cage 300 is desirable 

because cage 300 may be located withm a patient prior to loading cage 300 with bone 

10 
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growth accelerants. Locating cage 300 prior to loading the bone growth accelerant 
prevents bone growth accelerant from inadvertently contacting areas of the patient that 
are not intended to experience bone growth. After the cage 300 is located, bone growth 
accelerant may be careftilly administered via a syringe needle, which is pushed through 
plug 308. Once the syringe needle has penetrated plug 308, bone growth accelerant may 
be delivered to the carrier 310, e.g. sponge. In this way, the risks associated with locating 
a cage 300 filled with bone growth accelerant are minimized. 

While the invention has been described with a certain degree of particularity, it 
is understood that the invention is not limited to the embodiment(s) set for herein for 
purposes of exemplification, but is to be limited only by the scope of the attached claim 
or claims, including the fall range of equivalency to which each element thereof is 
entitled. 
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WHAT IS CLAIMED IS: 

1. An interbody spine fUsion cage for promoting fusion between adjacent bone 
structures, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface and a plurality of 
apertures extending through flie outer surface in communication wilh the 
internal cavity, the outer surface comprising a preselected pattem of 
perforated and non-perforated areas, vsrherein, upon implantation, a 
perforated area is in contact with an adjacent bone stmcture while all 
areas of the cage body not in contact with adjacent bone structure are 
imperforate; and 

anon-perforated end closure at each end of said cage body, at least one of the end 
closures being movable so as to provide access to the internal cavity. 

2. The cage according to claim 1, further comprising an upper perforated area for 
locating adjacent an upper bone stmcture to be fused and a lower perforated area 
for locating adjacent a lower bone stmcture to be fused, wherein said upper 
perforated area and said lower perforated area are separated exclusively by non- 
perforated areas. 

3. The cage according to claim 1, wherein: 

said non-perforated zones are on lateral sides of the cage and extend in opposing 
relation from the posterior end toward the anterior end; and 

said perforated areas comprise two opposed perforated areas oriented so that upon 
insertion the perforated areas are adjacent the bone stmctures to be fused. 

4. An apparatus for insertion into a vertebral interspace between adjacent vertebral 
bodies to facilitate arthrodesis between bone stmctures of the adjacent vertebral bodies 
while preventing bony overgrowth toward neural elements, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface and a plurality of apertures 
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extending tlirough the outer surface in communication with the internal cavity in areas 
of the outer surface which, upon implantation of the apparatus, allow for arthrodesis 
between the bone structxxres; 

wherein areas of the cage body directed toward neural elements upon implantation 
of the apparatus are not in communication with the internal cavity so as prevent bony 
overgrowth toward liie neural elements. 

5. The apparatus of claim 4, further comprising: 

means on the cage body for aiding insertion of the cage body between adjacent 
vertebral bodies. 

6. The apparatus of claim 4, further comprising: 

a non-perforated removable end cap securable to the posterior end of the cage 

body. 

7. In a body having vertebral bodies defining a central canal, a spinal cord located 
in the central canal, neural elements branching out from said spinal cord through 
openings between the vertebral bodies, an arthrodesis facilitating therapeutic 
combination comprising: 

a cage body inserted between the adjacent vertebral bodies, said cage body having 
a posterior end and an anterior end and defining an internal cavity, the cage body further 
having an outer surface that forms a periphery of said cage body, said outer surface 
having at least one aperture formed therein; 

a longitudinal occluded area on said cage body, said occluded area for preventing 
communication between said internal cavity and said outer surface; and 

wherein said longitudinal occluded area shields the neural elements from said 
intemal cavity. 
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8. An apparatus for insertion between adjacent vertebral bodies to facilitate 
artlirodesis between bone structures of the adjacent vertebral bodies while preventing 
bony overgrowth toward neiaral elements, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface that forms a periphery of said cage 
body, said outer surface having a plurality of apertures formed therein; 

wherein one of said posterior end and said anterior end is a non-perforate surface 
and one of said posterior end and said anterior end is an open end; 

an end closure for locating at said open end of said cage body, said end closure 
having a longitudinal occluding surface for selectively occluding a longitudinal portion 
of said apertures of said cage body, said longitudinal occluding surface sized to provide 
an occluded portion of sufficient size to prevent bone growth from impinging on neural 
tissue when said cage body is inserted between adjacent vertebral bodies. 

9. An interbody spine fusion cage for promoting fusion between adjacent bone 
structures, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface and a plurality of 
apertures extending through the outer surface in communication with the 
internal cavity, the outer surface comprising a preselected pattem of 
perforated and non-perforated zones; and 

anon-perforated end closure at each end of said cage body, at least one of the end 
closures being movable so as to provide access to tlie internal cavity; and 
wherein 

the preselected pattem comprises at least a first non-perforated zone extending 
from the posterior end of the cage body for a length of 5-10 nam toward 
the anterior end of the cage body, wherein said cage body is imperforate 
except for where said cage body defines at least one opening, said at least 
one opening is in contact with an adjacent bone stracture upon 
implantation. 



14 



wo 2004/008999 PCT/US2002/023262 

10. The cage according to claim 9, wherein the preselected pattern further includes 
at least a 

second non-perforated zone extending ftom the first zone further toward the anterior end 
of the cage body on a lateral side of the cage body wherein said second non-perforated 
zone comprises at least 25% of a circxomference of said cage body. 

1 1 . The cage according to claim 9, wherein the preselected pattern further includes: 
second and third non-perforated zones on the lateral sides of the cage extending 

in opposing relation from the first zone further toward the anterior end; 

two opposed perforated zones oriented so that upon insertion the perforated zones 
adjacent the bone structures to be fiised; and 

wherein said second and third non-perforated zones each comprise at least 25% 
of a circumference of said cage body. 

12. An interbody spine fusion cage for promoting fusion between adjacent bone 
structures, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface and a plurality of 
apertures extending through the outer surface in communication with the 
internal cavity; 

anon-perforated end closure at each end of said cage body, at least one of the end 
closures being movable so as to provide access to the internal cavity; and 
wherein 

the movable end closure has at least one aperture occluding surface extending 
therefrom, the surface being suitable for introduction into the internal 
cavity to establish a desired pattem of occluded apertures. 
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13 . The cage according to claim 12, further comprising: 

a second cage body having a posterior end and an anterior end and being disposed 
within the internal cavity of the other cage body and so positioned as to 
form an annulus therebetween, the outer surface of the second cage body 
having a plurality of radial apertures extending therethrough so as to 
establish commimication with the annulus; and wherein 

the occluding surface of the movable end closure being suitable for introduction 
into the annulus to establish a desired pattern of occluded apertures. 

14. End closure means for effecting the closure of the posterior end of a fusion cage 
while estabUshing a desired occlusion pattern of apertures in the wall of the fiision cage 
which comprises: 

a first seahng member to effect the closure of the posterior end of the internal 

cavity of said fusion cage; and 
at least one occluding surface extendmg from the sealmg member and essentially 

paiallel to the longitudinal axis of the fusion cage so as to establish a 

predetermined pattern of occlusion of the apertures in the wall of the 

fusion cage. 

15. The end closure means according to claim 14, further comprising a pair of 
opposed occluding surfaces so spaced as to occlude laterally positioned apertures along 
the wall of the fusion cage. 

16. An apparatus for msertion into a vertebral interspace between adjacent vertebral 
bodies to facilitate arthrodesis between bone structures of the adjacent vertebral bodies 
while preventing bony overgrowth toward neural elements, comprising: 

a cage body havmg a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface and a pluraUty of apertures 
extending through the outer surface in communication with the internal cavity in areas 
of the outer surface which, upon implantation of the apparatus, allow for arthrodesis 
between the bone stmctures; 



16 



wo 2004/008999 PCT/US2002/023262 

wherein areas of the cage body directed toward neural elements upon implantation 
of the apparatus are not in communication with the internal cavity so as prevent bony 
overgrowth toward the neural elements. 

1 7. Tlae apparatus of claim 1 6, further comprising: 

means on the cage body for aiding insertion of the cage body between adjacent 
vertebral bodies. 

18. The apparatus of claim 16, further comprising: 

a non-perforated removable end cap securable to the posterior end of the cage 

body. 

19. An arthrodesis facilitating therapeutic combination comprising: 
adjacent vertebral bodies defining a central canal; 

a spinal cord located in said central canal; 

neural elements branching out from said spinal cord through openings between 
said vertebral bodies; 

a cage body inserted between said adjacent vertebral bodies, said cage body 
having a posterior end and an anterior end and defining an internal cavity, the cage body 
further having an outer surface that forms a periphery of said cage body, said outer 
surface having at least one aperture fomied therein; 

a longitudinal occluded area on said cage body, said occluded area for preventing 
communication between said internal cavity and said outer surface; and 

wherein said longitudinal occluded area shields said neural elements fi:om said 
internal cavity. 
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20. An apparatus for insertion between adjacent vertebral bodies to facilitate 

arthrodesis between 

bone structures of the adjacent vertebral bodies while preventing bony overgrowth toward 
neural elements, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body further having an outer surface that forms a periphery of said cage 
body, said outer surface having a plurality of apertures formed therein; 

wherein one of said posterior end and said anterior end is a non-perfbrate surface 
and one of said posterior end and said anterior end is an open end; 

an end closure for locating at said open end of said cage body, said end closure 
having a longitudinal occluding surface for selectively occluding a longitudinal portion 
of said apertures of said cage body, said longitudinal occluding surface sized such that 
said occluded longitudinal portion of said apertxires have a width of at least 1/4 of the 
periphery of said cage body, thereby providing an occluded portion of sufficient size to 
prevent bone growth from impinging on neural tissue when inserted between adjacent 
vertebral bodies. 

21 . An interbody spine fusion cage for promoting fusion between adjacent bone 
structures, comprising: 

a cage body having a posterior end and an anterior end and defining an internal 
cavity, the cage body fiirther having an outer surface and a plurality of 
apertures extending through the outer surface in communication with the 
internal cavity, the outer surface comprising a preselected pattern of 
perforated and non-perforated zones; and 

a first end closure at a first end of said cage body; 

a second end closure having an orifice therein, said second end closure at a second 
end of said cage body, at least one of said first end closure and said second end closure 
being removable so as to provide access to the internal cavity; and 

a plug located in said orifice, said plug capable of being penetrated by a syringe 
needle for administering a bone growth accelerant to said internal cavity. 
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22. The interbody spine fusion cage according to claim 21 wherein: 

the preselected pattern comprises at least a first non-perforated zone extending 
from the posterior end of the cage body for a length of 5-10 mm toward 
the anterior end of the cage body and at least one perforated zone 
positioned upon the outer surface of the cage body so as to be juxtaposed 
one of the bone stractures upon implantation. 

23 . An apparatus for insertion into a vertebral interspace between adjacent vertebral 
bodies to facilitate arthrodesis between bone structures of the adjacent vertebral bodies, 

comprising: 

a cage body having a posterior end and an anterior end and defining an internal 

cavity; 

an end cap located at one end of said cage body, said end cap having an orifice 
therein; and 

a plug located in said orifice, said plug capable of being penetrated by a syringe 

needle. 

24. The apparatus according to claim 23 further comprising: 

a carrier material located in said internal cavity for receiving bone growth 
accelerant through said plug. 
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TECHNICAL FIELD 

This invention relates to the field of bone grafts. More specifically, the invention relates 
to a multimodal bone graft device that incorporates one or a plurality of bone pieces arranged in 
combination with one or a plurality of cortical bone pieces in new and novel configurations 
5 adapted for use in a variety of bone graft applications. 

BACKGROUND OF THE INVENTION 

A normal human body has hxmdreds of bones. Collectively, these bones make up the 
skeleton and the skeletal system. This skeletal system has many functions in the body. One core 
10 fimction of the skeleton is to impart rigidity and definition to the human form. Another fimction 
of the skeletal system is to permit movement by acting as load-bearing members, levers, and as 
attachment anchors for muscles and connective tissues. The skeleton, although responsible for 
these and other structural fimctions in the human body, is itself also a dynamic, living organ 
system. 

15 For example, red blood cells and most immune cells originate and mature in the marrow 

of bones in a process known to those with skill in the art as hematopoiesis. Furthermore, the 
mass of a human bone will vary from day to day as calcium stored therein leaches away from 
bone and into the blood stream and back again as the bone tissues continuously regenerate. 
Thus, in addition to establishing stmctural support and movement capabilities, bones also serve 

20 as an important reservoir for minerals and especially for calcium, which is an essential mineral 
that is required for muscle contraction, nerve impulse generation, nerve impulse propagation, and 
certain enzymatic functions. 

The skeleton ftmctions not only dynamically and mechanically as a collective system, but 
each skeletal bone is an individual tissue that may have a unique structure or function. Individual 

25 bones can vary greatly in their size, shape, density, thickness, perfusion, enervation, and other 
physical and physiological properties. A great deal of this variety stems from or contributes to 
the disparate fimctions performed by individual bones. There are many examples of such 
individual, specialized bone fimctions. For instance, the skull is actually formed from several 
smaller bones, that are joined together to protect the brain fi'om damage. The rib cage and the 

30 spinal column similarly and respectively protect the thoracic organs and spinal chord, while the 
lesser bones of the ear facilitate hearing. 

The bones of the feet are adapted to bear a much heavier weight and shock load than 
other bones such as those of the hand, which hand bones contrastingly move with greater degrees 
of freedom than the foot bones. The bones or vertebrae of the spinal column even have 
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specialized functions witJiin their ranks: the upper cervical vertebrae are especially adapted for 
twisting or rotation about a longitudinal axis so that the head can readily turn from side to side. 
In contrast, the lower thoracic or dorsal and lumbar spinal vertebrae are more limited in their 
range of relative motion while being capable of supporting much greater loads than the cervical 
vertebrae. The adaptation and speciahzation of various bones is not limited to the human animal; 
Pandas, for example, use one of their wrist bones as an opposable digit, a pseudo thmnb of sorts. 

To accomplish effectively these diverse functions and tasks, many bones have speciaUzed 
features. One obvious example of such specialization is the shape of the bones. The skull, the 
tibia, and the sternum look nothing like each other, because each of these bones is defined to be 
functionally and geometrically disparate and to accommodate different tissues, organs, and 
capabilities. In addition to bone shape being highly variable, there is also considerable variation 
in the cross-sectional density of each bone. Most bones have a generally sponge-like or 
cancellous interior body portion that while being substantially rigid is less dense than an outer, 
more dense, and compact layer that is referred to as the cortical rim or layer. Depending upon 
the load and shock bearing requirements of a given bone, this outer shell can have a widely 
varying thickness. This outer cortical layer or shell or rim imparts much of the strength to the 
bone. Relatively thick cortical shells or rims are typical of, for example, the vertebrae of the 
spinal column, as well as for the bones of the legs, and other bones that carry a high weight or 
compressive or tensile load. In contrast, the fiat bones that are the site of hematopoiesis tend to 
have relatively increased amounts of the spongy, inner layer of bone known to those having skill 
in the art as the cancellous layer or cancellous bone. The porosity of the cancellous layer 
provides an incubation or living space for the developing blood and immune system cells, while 
the increased perfusion that is typical of cancellous bone brings adequate suppUes of food, 
nutrients, and other factors to these developing cells. 

In spite of the diversity of the form and function of various bones, all bones have 
substantial physiological similarities to each other. For example, bones are typically composed 
of tiie same essential materials, regardless of speciaUzed ftmction or shape. A significant portion 
of bone is organic material, mostly protein-associated glycosaminoglycans and especially 
collagen, a protein conmionly found in cormective tissues and in extracellular matrixes. About 
half of the bone mass is mineral, and the most common bone-associated mineral is a calciimi 
compound that closely resembles hydroxyapetite. Like the rest of the body, bone also contains a 
significant amount of water. 

In addition to composition, bones dissimilar in shape and size usually share other 
physiological similarities. For example, a thin layer of coimective tissue typically covers the 
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outer surface of the bone. Similarly, a thin, membranous layer lines the interior cavity of the 
bone. This thin, membranous layer is associated with several bone-producing cell types such as 
osteogenic cells, osteoblasts, and osteoclasts, for example. Those with skill in the art may know 
these two layers as the periosteum and the endosteum, respectively. 

5 Another example of physiological similarities shared by various types of bones is 

vascularization. Blood vessels penetrate and permeate the bone through a series of channels and 
canals. These channels and canals can vary in location, length, and diameter. Examples of such 
chamiels include the canaliculi, haversian canals, osteons, VoUcmann's canals, and others. These 
canals bring blood, nutrients, and other vital factors to and carry away waste from the multitude 

10 of cells that live in and that form the bone. One important example of such a bone-dweUing cell 
is the pliHlpotent stem cell that can differentiate into and form any of the cells of the blood or 
immune system. The blood and immune cells themselves also reside, at least for a time, in the 
bone. Such cells include macrophages, neutrophils, B cells, various T cells, eosinophils, 
basophils, megakaryocytes (the progenitor of platelets), and red blood cells. There are also 

15 varieties of bone-forming cells such as the osteoclasts, osteoblasts, and osteogenic cells 

mentioned above that live in the bone. Attached to the bones may be various tendons and other 
connective tissues that cooperate with the bones and any connected muscles to establish the 
articulation of movement or to secure tissues or organs in place. 

Yet another example of shared bone physiology is the specialized stmctures located at 

20 one or both ends of some bones. These specialized stmctures are adapted to hold a bone in a 
joint, while at the same time giving some degree of freedom and relative motion to the jointed 
bones. Examples of this type of arrangement include the bones that fonn the elbow, loiee, 
shoulder, fmger, ankle, foot, vertebral, and similarly movable joints. In addition to these and 
other physiological similarities, bones also can share developmental similarities. For example, 

25 the process of either intramembraneous ossification or endochondral ossification forms the 
bones, wherein the latter process involves a cartilaginous intermediate that is calcified to form 
the resulting bone tissue. Fibroblast cells typically lay down a network of collagen fibrils, upon 
which are deposited the calcium crystals in a mineral form approximating hydroxyapetite. 

Aggregates of such calcified fibrils form fibers that then form the bone. The arrangement 

30 of the fibers can significantly affect the gross anatomy and function of a bone. For example, 
fibers can be substantially parallel to each other, perpendicular to each other, may be in a 
stochastic order, or some combination thereof The fibers maybe arranged in lamellae or can be 
interwoven. The density of the fibers can also affect the properties of bone. The fibers can be 
dense and compact, such as in the tough outer rim, shell, or layer of cortical bone, or the fibers 
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can be loosely arranged and spongy, such as in the inner body of cancellous bone tissue. Further 
details of the preceding discussion as well as additional information about bone development and 
physiology can be found in the fourth chapter of the Color Atlas of Histology, second edition, by 
Leslie P. Gartner and James L. Hiat, Williams & Wilkins, Baltimore, Maryland, USA, 1994. 
5 As can be understood by those skilled in the art, the complexity of bone functions and 

structures establish a skeletal system having extraordinary capabilities. Yet, as with any highly- 
refined and precisely engineered system, many possible anomalies can develop and afflict the 
system that can include disease, degeneration, and failure. Developmental disorders caused by 
genetic diseases such as osteogenesis imperfecta can cause imperfectly formed or non-functional 

10 bones. Even if bones develop correctly, bones can break and fracture and can be susceptible to 
infections and diseases such as Staphylococcus aureus, which can kill an otherwise healthy bone, 
possibly necessitating resection, removal, and amputation. Osteoporosis, a degenerative disease 
common among women as they age, can leave bones brittle and easily broken. Conditions such 
as spondylolisthesis, pinched or compressed spinal nerves, and degenerative and stenosis 

15 inducing intervertebral disc diseases can all cause pain and limitations on possible range of 
motion. In addition to diseases and disorders, traimia such as that caused by automobile 
accidents, falls, collisions, heavy loading, and the like can also damage or break a bone and can 
injure connective and interstitial tissues. 

Often, it is possible to correct or limit such maladies. Contagious diseases frequently 

20 respond to antibiotic treatment. Diet, exercise, medicaments, and other therapies can sometimes 
treat or control other disorders. Bone fractures that result from trauma can be routinely set, 
which term "set," among others, is a term of art that describes the process of holding the broken 
ends of bone together long enough for them to grow back together. Casts, pins, screws, and 
braces can also be employed to treat injured or damaged bones. Even with the myriad treatment 

25 options available to the patient and practitioner for treating bone diseases and disorders, such 
treatments alone can be sometimes insufficient or inappropriate. In some cases, additional 
treatment regimes are indicated and can include resection and removal of damaged bone and 
connective tissues and grafting of corrective and replacement structures and tissues. Bone 
grafting can be particularly effective in repairing damaged stmctures and can include autografts 

30 wherein bone is removed from a healthy bone structure in the patient and transplanted to replace 
damaged bone tissue that has been removed. Allografts can also be obtained from a bone bank 
and used in similar fashion. 

When performing a graft, a surgeon or health care practitioner may have several goals and 
objectives in repairing an anomalous or injured bone stracture. Such goals can include speeding 
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recovery, healing, and regeneration of replaced tissues, as well as reducing the risk of infection 
and minimizing post-operative pain, are common to many other surgical procedures. The 
primary benefit of bone grafting in accelerating healing and regeneration of replaced bone tissue, 
is that the graft establishes an in vivo template upon which the body can build new bone. The 

5 inserted bone graft, while providing interim support during the post-operative healing process, is 
not the final stmctural repair to the bone; rather it is a scaffolding of sorts. 

If the procedure is successfiil, the body will deposit calcium, connective, and other tissues 
onto the implanted graft or scaffold. Over time, living bone will be formed around the inserted 
piece of bone or graft. Eventually, the graft will be fixsed into the recipient bone to form one 

10 continuous bone. As time continues to pass, eventually the entire graft will be completely 

scavenged and replaced with regenerated bone in the same way as all bone tissue is continually 
regenerated. As is known to those skilled in the various related arts, the removal of damaged or 
injured bone and surroxmding tissues exposes extant bone surrounding the site of the bone graft, 
which signals the proximate and remaining healthy bone that damage exists. The body responds 

15 by growing new bone aroxmd the site into the template bone graft. This process mimics the 

response to, for example, a broken bone that fiises back together following the break or facture. 

Often, another of the principle aims of the graft is to restore structural integrity and 
function to a Umb, the spine, or other repaired bone tissue. In this case, the practitioner often 
intends for the graft itself to provide some stmctural support to the surrounding bone stmcture 

20 immediately upon implant and throughout the subsequent healing, recovery, and regeneration 
period. The stmctural support increases as new bone deposits around the graft. A fiirther 
objective of bone grafting, particularly in the example of back or spinal column procedures, may 
be to relieve nerve root compression, reverse stenosis, and to replace damaged vertebral and disc 
elements, which can in turn reduce or ideally eliminate pain. Such spinal procedvires can also 

25 fiirther include, for example, the fixsion of lower back vertebrae to alleviate pain and discomfort. 
In other instances, another aim of the bone graft procedure may be cosmetic in nature, such as the 
graft-mediated reconstruction of a jaw or cheekbones. 

To help accomplish these and other surgical objectives, several permutations of grafting 
are possible. In one embodiment, a surgeon removes tissue fi'om the patient and then transplants 

30 the tissue in a new location on that same patient. Such a graft is often referred to as an autograft 
to those with skill in the art. Donor material obtained from another individual that is genetically 
identical to the recipient is often referred to as an isograft, which is mostly just as preferable as 
an autograft. A surgeon might perform an auto- or isograft on, for example, a bum victim. In the 
case of a bum victim, the surgeon can remove undamaged and or donor skin from the back, 
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buttocks, or another inconspicuous area and then the surgeon can graft that skin onto a humed or 
otherwise badly damaged area of skiti. Autografts and isografts such as skin grafts offer several 
advantages over other forms of graft. One important advantage is a decreased chance of disease 
transmission; since the patient receives their own tissue they are not likely to contract any new 
5 diseases from that tissue. Another important advantage of an auto- or isograft is that 

immunological rejection of the tissue is not an issue, since in a healthy person the immime 
system tolerates its own tissues. An additional advantage of a bone auto- or isograft is that the 
fresh, living bone readily supports the deposition of new bone and therefore increases the 
chances of a successfiil graft procedure. 

10 In spite of these and other advantages, it is often not possible, convenient, or desirable for 

the surgeon to perform an auto- or isograft. This limitation is especially pronounced in the case 
of a bone auto- or isograft, where a surgeon excises a piece of bone from a healthy bone such as 
the pelvis proximate to the iliac crest and then implants that piece of bone elsewhere in the 
patient. This procedure usually requires two incisions and therefore exposes the patient to twice 

15 the risk of surgical infection. The site from which the bone is removed can be very painful 
during recovery and can result in restricted mobility. Furthermore, it may be impossible to 
remove a suitably sized or dimensioned bone piece without compromising the integrity or 
fimction of the donor bone. As a result of such limitations, surgeons often perform a second type 
of graft known to those with skill in the art as an allograft. 

20 An allograft is substantially similar to an autograft or isograft, except that the allograft is 

obtained from another individual of the same species, hi the case of a bone allograft, the donor is 
usually a recently deceased cadaver. One significant advantage of using cadaver bone is that the 
surgeon can harvest any piece of or all of a bone, since there are no concerns of maintaining the 
structural or functional integrity of the donor bone. Furthemiore, while cadaver bone is readily 

25 available and relatively easy and inexpensive to acquire, acquiring the precise size, shape, and 
density of such allograft material from a bone bank can often be extremely challenging. 

There are fiorther limitations associated with such allografts. Although proper handling 
can mitigate concerns, one important limitation is the possibility of disease transmission from the 
cadaver to the allograft patient. Ih addition to infectious disease, the recipient body may reject 

30 the foreign or allograft tissue, which can lead to fiirther complications. Furthermore, the size, 
density, and other physical features of a bone can vary considerably from person to person, and 
depend upon the donor age, health, and other factors. 

Since the graft implant site of the patient is usually not prepared and defined until the 
procedure is underway, the surgeon must compensate or adjust for the variability of available 
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bone autograft or allograft materials during the surgical procedure. At that time, it may also be 
difficult for the surgeon to obtain a piece of bone that is exactly the right size and shape or that 
has the proper load bearing capacities. Accordingly, the available bone graft material must be 
further modified before being implanted into the patient. The load bearing capacity of the 
5 available bone graft material is especially relevant to gi*afls to be effected in, for example, the 
bones of the leg or the spinal column. While cortical bone grafts will impart the needed strength 
to spinal or other high load bearing grafts, cancellous bone is more likely to encourage deposition 
of new bone so as to improve the likelihood of a successful graft aad rapid recovery. Those 
skilled in the art have often amplified concerns that it is time consuming, difficult, and often 

10 impossible during the procedure to obtain an autograft or allograft bone piece of the most 

desirable size and with the most desirable ratio of cortical and cancellous bone that will optimize 
the strength and regeneration capabilities of the bone graft. 

In addition to the iso- or autograft and allograft, another general type of graft is the 
xenograft. The xenograft is substantially similar to the allograft, except that the donor is of a 

15 different species than the recipient. The xenograft offers the advantage of a potentially plentiful 
supply of relatively inexpensive tissue. However, the xenograft shares many limitations with the 
allograft such as the risk of disease transmission and immune system rejection. In addition to the 
limitations that the xenograft shares with the allograft, the xenograft is only possible with those 
tissues that are compatible across different species. There are also ethical considerations 

20 involved when using or contemplating animal tissue as a substitute for hmnan tissue. Because of 
these serious limitations, surgeons typically perform xenografts only in very limited situations. 

Such bone grafts can be employed alone or in combination with other non-biological 
materials, instruments, and devices. Such non-biological grafts can incorporate or can replace 
autO" and allografts and can include, for example, artificial or synthetic materials and devices. In 

25 theory, non-biological materials, instruments, and device can avoid the limitations of disease 
transmission, immune rejection, and limited supply or availability of autografts and allografts. 
For example, surgeons sometimes use an artificial skin that is grown in a laboratory firom one or 
a plurality of cell types, in place of skin auto- or allografts. 

This technology has limited applicability, however, because the implanted material needs 

30 to perform many or most of the same structural and physiological functions as the tissue that is 
replaced. Furthermore, the material must be both biocompatible and stable under physiological 
conditions that can be extremely harsh. These limitations also apply to artificial bone grafts, 
instruments, and devices. As discussed above, bone tissue is not only a mechanical structure but 
is also a complex and diverse combination of living, dynamic, and continuously regenerating 
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tissues. Science can provide materials that mimic the structural properties of bone, but it has yet 
to discover a material that also duplicates its extraordinary biological properties and capabilities. 
Artificial bone materials do not always or in every patient readily encourage or support the 
deposition of new, living bone and are therefore not the always the preferred materials for bone 

5 grafts in every patient or in every malady. 

With the preceding considerations in mind, those having knowledge in the art may 
comprehend that there are many considerations relevant to a deteraiination of the most 
appropriate graft material and technique. If tiie patient and doctor elect an autograft approach, a 
suitable piece of bone must be excised from the patient before or during the graft procediire. On 

10 the other hand, if an allograft is preferred, a suitable donor bone piece, usually from a cadaver, 
must be ordered from a bone bank before the procedure is conmienced. Regardless of which 
type of graft is elected, or even if both are needed, it may also be necessary to employ one or 
more artificial materials, instruments, and or devices to augment the graft procedure. 

Even with the best and most thorough of pre-operative diagnoses and analyses, the 

15 siirgeon typically can only define all of the size, shape, and strength parameters of the desired 
graft, whether it be allograft or autograft bone material, or artificial materials or components, or 
some combination thereof, once the damaged or injured tissues are visually inspected and 
resected and prepared for the graft during the procedure. If an autograft bone graft is to be used 
from the patient, the autograft materials is usually prepared at the same time by excising material 

20 from a donor bone such as a portion of the iliac crest or from the bone tissue being removed from 
the location of damage or injury. If an allograft bone piece is to be employed in the procedure, it 
must usually be modified before implant so that it can be properly sized and dimensioned to fit 
the space estabUshed for the graft after the original tissues are removed. Moreover, even if a 
detailed pre-procedure analysis establishes suitability for various artificial articles, such items are 

25 often modified during the procedure to accommodate specific anatomical variations only evident 
upon visual inspection and after preparation of the graft location. 

Several attempts have been made to offer improved methods and devices that address 
some aspects of past problems and difficulties. For example, O'Leary et al. in U.S. Patent No. 
5,073,373 and 5,484,601 are restricted to teaching, among other limitations, a bone powder that 

30 is includes cortical and or cancellous bone constituents that are reconstituted into implantable 
pastes and cakes. The O'Leary et al. bone powder may be suspended in glycerol, polyhydroxy 
compoxmds, or the like prior to being implanted. The O'Leary et al. approach has been attempted 
in many variations and also by others and all such attempts demonstrate several shortcomings 
that include the need for potentially unmunogenic and inflammatory materials like animal 
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collagen and glycerol, which can have adverse consequences. Even without the possible 
consequences, the contemplated materials and compositions offer little to no immediate 
structural support that can alleviate symptoms such as stenosis and other sources of never root 
compression indicated in various spinal column anomalies. 

5 Other examples in the prior art that are restricted to mechanical, bone powder-retaining 

devices such as a cage are described in U.S. Patent No. 5,489,308 to Kuslich et al. and 5,514,180 
to Heggeness et al. The approaches advocated by Kuslich et al, and Heggeness et al. fail to, 
among other problems, establish an effective means to ensure that the graft instrument fuses into 
the host bone. Even though various elements are included that purport to facilitate such fusion, 

10 the suggested *308 and * 1 80 instruments have only limited application since they caimot be 

modified to accommodate newly visualized in vivo size and shape parameters during a procedure 
without remachining of the contemplated material of the implant at the time of the implant, 
which defeats the preconfigured nature of the devices. Moreover, the '308 and '108 implant 
devices also will hkely be subject to long-term displacement as the surrounding host bone tissue 

15 undergoes continual regeneration, which process can change the dimensions and profiles of 

surrounding host surfaces that can destabilize and loosen the implant thus necessitating another 
surgical procedure. U.S. Patent No. 5,910,315 to Stevenson et al. is similarly limited to 
combinations of the preceding devices wherein a metal cage is received into a bore in the host 
bone and is injected with a powered bone material. Here again the metal cage can be imseated 

20 and destabilized over time as the host tissues regenerate and the metal cage is not easily modified 
during the procedure to accommodate newly prepared and or visualized implant site size, shape, 
and load bearing requirements and parameters. 

Still another approach is to use machined, prefabricated graft compositions that, in whole 
or in part, are bone tissue. Such graft compositions may be ground, compressed cancellous bone, 

25 cortical bone, or combiaations thereof. The graft compositions can be shaped and machined into 
various shapes and sizes that caa potentially accommodate a variety of graft or implant sites and 
environments. An example of the prior art that teaches this type of approach is U.S. Patent No. 
6,371,988 to Pafford et al., which is limited to a graft material that is treated with compounds or 
proteins that can enhance the capability to act as a template for the deposition of new bone. 

30 Although this approach may address some of the limitations of the prior art, the surgeon has to 
choose correctly the size and shape of the graft before surgery. Another significant limitation of 
the '988 approach is that the surgeon is burdened with the need take time to precisely shape and 
mold the prefabricated '988 graft during the procedure. These types of modifications likely can 
eliminate many of the purportedly usefiil features of the Pafford et al. device before being 
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implanted. Moreover, the various limitations that Pafford et al. require can significantly increase 
the difficultly in obtaining suitably configured graft devices prior to the procedure, can increase 
the cost thereof, and will reduce the available supply of such bone graft material because of the 
tremendous loss of material incurred to fabricate the intricate features of the '988 device. 

5 In attempts to avoid complications resulting form the use of ground bone as a graft 

material, artificial or synthetic bone grafts have been described in the art such as those in U.S. 
Patent Nos. 5,258,043 to Stone, 4,904,260 to Ray et al, and 5,626,861 to Laurencin et al. Each 
of these attempts is restricted to, among other elements, the use of prosthetic implant material, in 
various embodiments that are purportedly aimed at instigating improved rehabilitation of host 

10 vertebral bone and disc tissues. While the contemplated artificial or synthetic materials can be 
more easily supplied than other bone graft materials, the noted synthetics suffer from the pitfalls 
that they do not function in vivo in the same way that actual bone or bone-derived tissue 
ftmctions with respect to stmctural integrity, load bearing capacity, fostering new bone 
deposition, and the like. 

15 Yet another attempt to overcome the limitations of the prior art are illustrated in U.S. 

Patent Publication No. US 2002/0029084 to Paul et al. The teachings of Paul et al. are hmited in 
many respects to the various methods and devices already discussed and contemplated 
hereinabove and fail in all respects to address all of the most troublesome difficulties the plague 
the art. The Paul et al. devices are restricted to, among other limitations, hybrid cortical and 

20 cancellous grafts having fixed predetermined shapes, sizes, and dimensions that are not readily 
reconfigurable during a procedure to easily accommodate the newly visualized, prepared, and 
possibly unusually configured implant site in a way that overcomes in any way the many 
shortcomings of the many prior art devices and methods. 

What has long been needed but heretofore unavailable is a readily obtainable, relatively 

25 inexpensive, easily reconfigured, structurally useful, and rapidly assimilable bone graft device 
and bone graft kit that is suitable for use as an implant in a variety of bone graft procedures. The 
preferred method or device must reduce the burden on the surgeon during a selected procedure 
while maxunizing the options available for preparing and presenting a bone graft implant that 
incorporates the most desirable shape, size, and dimensions for a given implant site. While being 

30 consonant Avith established medical practice, and while having wide compatibiHty with 

conventional surgical procedures, the desired bone graft should be especially well-suited for the 
most complicated procedures including, for purposes of example without limitation, 
corpectomies, discectomies, and other similarly complex reconstructive and rehabilitative 
procedures. 
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SUMMARY OF INVENTION 

In its most general configuration, the present invention advances the state of the art with a 
variety of new capabilities and benefits while overcoming many of the shortcomings of prior 
5 devices in inventive and novel ways. In one of the many preferable configurations, a medical 
practitioner selects an appropriate number of cancellous bone pieces based upon the desired size 
of the graft. The practitioner, after removing damaged bone and tissue and preparing an implant 
site then assembles the bone graft device using one or more specially configured cortical bone 
pieces and surgically implants the graft to help to repair damage to bone caused by trauma, 

10 disease, or the like. 

In one of many variations of the instant invention, the bone graft device is to be received 
in a prepared graft implant site in a patient. Such an implant site can be in any of a number of 
bone graft site locations such as, for purposes of example but not for limitation, an anteriorly 
approached spinal resection of one or more cervical, thoracic (or dorsal), or Ixmibar vertebrae of a 

15 spinal column of the patient. The bone graft implant site can be defined as a resection formed in 
any damaged or injured bone tissue, which can be, for fiirther example, the spinal column 
resection that is most commonly referred to by those skilled in the relevant arts as a corpectomy 
wherein one oir more vertebral body portions and intermediate vertebral discs are partially 
removed so that an inferior vertebral surface confironts a superior vertebral svirface to establish 

20 the implant site. 

The bone graft device preferably incorporates a plurality of pseudo-vertebrae that are each 
adapted with at least one transverse cross-sectional profile that is sized to be compatible for 
receipt and implant in the anterior spinal resection. The pseudo vertebrae can be wedge-shaped 
about a sagittal and or coronal cross-section and are preferably configured to be stacked end-to- 

25 end on one or more struts or stanchions, which can be positioned in a generally central aperture 
or in a multiple stanchion spaced apart configuration. At least one of the plurahty of pseudo- 
vertebrae is formed with an exteriorly facing sill that firictionally confronts and is received 
against at least one of the inferior and superior vertebral surfaces. As best as possible, the sill 
surface is adapted to maximize fiictional contact with the at least one of the vertebral surfaces. 

30 To avoid invading the vertebral channel or foramen of the spinal column, each pseudo-vertebral 
sill is sized and shaped to be, when introduced into and received in the resection, equal to or 
smaller than the transverse or horizontal cross-section of the vertebral bodies, which bodies 
define the superior and inferior vertebral body surfaces. 

11 
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Additional modifications of the preferred embodiments may optionally or preferably 
incorporate at least one of the plurality of the pseudo-vertebrae to have a generally elongated 
cardioid cross-sectional horizontal or transverse profile. The cardioid profile can be proximal to 
the exteriorly facing sill such that the profile is approximately smaller than and for the most part 
5 is substantially circumscribed by the confronting proximate vertebral surface that is received 
against the sill. 

A fiirther variation of any of the preceding embodiments may also include the bone graft 
device being modified wherein at least one of the plurality of pseudo-vertebrae is formed to have 
a substantially wedge shaped cross section about a sagittal or coronal plane. In this 

10 configviration, the bone graft device can incorporate the exteriorly or outwardly facing sill to be 
more closely coplanar with and contacting the confironting vertebral surface, which vertebral 
surface can be, after the implant site has been prepared, somewhat oblique relative to a generally 
horizontal or transverse plane or section cut plane. 

Any of the preceding configurations and embodiments may also be adapted to include any 

15 one of a number of tlie at least one pseudo- vertebra that can optionally or preferably be adapted 
to rotate, as the bone graft device is implanted into and introduced into the resection. The at least 
one pseudo vertebra can rotate about an axis that is substantially parallel with an axis of the at 
least one stanchion, and which stanchion and rotation axis can be substantially or approximately 
parallel with a substantially superior to inferior longitudinal hypothetical line that defines an 

20 intersection of a sagittal and a coronal plane. In this modified embodiment, a superior abacus 
pseudo-vertebra can rotate relative to a sandwiched drum pseudo-vertebra and an inferiorly 
stacked plinth pseudo-vertebra can similarly rotate relative to the drum. With this rotational 
capability, the superior abacus and the inferior plinth pseudo-vertebrae can, if also somewhat 
wedge-shaped, realign their respective exteriorly or outwardly facing sill surfaces to more closely 

25 be nearly or substantially coplanar with the confronting vertebral body surfaces against which the 
sill surfaces are received as the implant is introduced into the implant site. 

While rotation of the superior-most (abacus) and inferior-most (plinth) pseudo-vertebrae 
may be optionally preferable, the one or more drum or intermediate pseudo-vertebrae can 
incorporate one or more key elements that are configured to prevent relative rotation between the 

30 one or more dmm pseudo-vertebrae during and after implantation. Instead of or in combination 
with such key elements, the bone graft device may also be fixrther optionally or preferably 
modified wherein one or more of the key elements cooperate with at least one strut or stanchion 
key, keyway, or corresponding key element that may be formed in the at least one stanchion. The 
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at least one stanchion key, keyway, or corresponding key element may be modified to prevent 
relative rotation between the at least one stanchion and the one or more drum pseudo-vertebrae. 

The preceding embodiments and configurations may also be fiirther configured to 
incorporate the one or more struts or stanchions that may be partially curved about an axis 
passing longitudinally therethrough from a superior end to an inferior end siich that the lordotic 
or kyphodic curves of the spinal column can be more closely approximated with the assembled 
bone graft device. In yet additional modifications to any of the preceding arrangements, the bone 
graft device may incorporate the plurality of pseudo-vertebrae to be received about at least two 
stanchions whereby the pseudo-vertebrae are thereby keyed to prevent relative rotation between 
the pseudo-vertebrae. Each of the one or more struts or stanchions may be centrally or 
peripherally arranged when received with the pseudo-vertebrae to accommodate any of a number 
of possibly desirable structural configurations. 

Any and or each of the preceding configurations and embodiments may also be adapted 
wherein the various bone graft device components, elements, and features are included in a kit 
that incorporates of plurality of variously configured, sized, shaped, dimensioned, and modified 
pseudo-vertebrae, struts or stanchions, and similar components that can be alternatively formed 
firom isograft, allograft, and autograft bone pieces including cortical, cancellous, hybrid, as well 
as artificial materials, and combinations thereof. 

These variations, modifications, and alterations of the various preferred embodiments 
may be used either alone or in combination with one another as can be better understood by those 
with skill in the art with reference to the following detailed description of the preferred 
embodiments and the accompanying figures and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Without limiting the scope of the present invention as claimed below and referring now 
to the drawings and figures, wherein like reference numerals, and like numerals with primes, 
5 across the several drawings, figvires, and views refer to identical, corresponding, or equivalent 
elements, components, features, and parts: 

FIG. 1 is an elevated perspective anterior view illustrating a bone graft device according 
to the principles of the instant invention in a pre-inserted and a seated position in vivo in a 
resection implant site of a cervical spinal column of a patient; 
10 FIG, 2. is an elevated perspective oblique lateral or sagittal view, rotated and in reduced 

scale, of the bone graft device of FIG. 1, and with a portion of a thoracic or dorsal spinal colunm 
of a patient set apart for purposes of illustration; 

FIG. 3 is a sinistral sagittal cross-sectional view, rotated and in modified scale, of a 
variation of the bone graft device of FIGS. 1 and 2; 
15 FIG. 4 is a sinistral sagittal cross-sectional view, rotated and in modified scale, of another 

variation of the bone graft device of FIGS. 1, 2, and 3; 

FIG. 5 is an elevated perspective view, in modified scale, of a pseudo-vertebra of the 
bone graft device of FIGS. 1 through 4 according to the principles of the instant invention; 

FIG. 6 is an elevated perspective view, in modified scale, of a stanchion or strut of the 
20 bone graft device of FIGS. 1 through 4; 

FIG. 7 is an elevated perspective assembly view, in modified scale, of the bone graft 
device of FIGS. 1 through 4; 

FIG. 8 is an elevated perspective assembly view, in modified scale and with a portion of 
the device cut away for purposes of illustration, of the bone graft device of FIG. 7; 
25 FIG. 9 is an elevated perspective view, in modified scale, of the stanchion or strut of FIG. 

6; 

FIG. 10 is a cross-sectional view, in modified scale, rotated and taken about section line 
10-10 of FIG. 9; 

FIGS. 1 1 through 13 are cross-sectional views, in similar scale, rotated and which could 
30 have been taken about a section line similar to that of section line 10-10 of FIG. 9 of variations of 
the stancliion or strut of FIGS. 6 and 9; 

FIG. 14 is an elevated perspective view, in similar scale, of a variation of tlie stanchion or 
strutofFIGS. 6and9; 
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FIG. 15 is an elevated perspective view, in a similarly depicted scale, of the pseudo- 
vertebra of FIG, 5; 

FIGS. 16 through 20 are elevated perspective views, in similar scale and rotated, of 
variations of the pseudo-vertebrae of the FIGS. 5 and 15; 
5 FIG. 21 is an elevated perspective view, in similar scale, of a variation of the pseudo- 

vertebra of FIG. 17; 

FIG. 22 is a superior transverse or horizontal view, in similar scale and rotated, of the 
pseudo-vertebrae of FIGS. 5 and 15; 

FIG. 23 is a cross-sectional view, rotated, in similar scale, and taken about section line 
10 23-23 of FIG. 22; 

FIG. 24 is a cross-sectional assembly coronal or sagittal view, in similar scale, of multiple 
and stacked pseudo vertebrae of FIGS. 21 through 23; 

FIG. 25 is an elevated superior perspective view, in similar scale, of a variation of the 
pseudo-vertebra of FIG. 20; 
15 FIG. 26 is an elevated inferior perspective view, in similar scale, of the pseudo-vertebra 

of FIG. 25; 

FIG. 27 is a superior transverse or horizontal view, in similar scale and rotated, of the 
pseudo-vertebrae of FIGS. 20, 25, and 26; 

FIG. 28 is a cross-sectional view, rotated, in similar scale, and taken about section Une 
20 28-28 of FIG. 27; 

FIG. 29 is a cross-sectional assembly anterior coronal view, in similar scale, of multiple 
and stacked pseudo vertebrae of FIGS. 25 tlirough 28; 

FIG. 30 is an elevated perspective superior view, in similar scale, of a variation of the 
pseudo-vertebrae of FIGS. 17, 21, and 25; 
25 FIG. 31 is an elevated perspective superior view, in similar scale, of a variation of the 

pseudo-vertebrae of FIGS. 5, 15, 22, 23, and 24; 

FIG. 32 is a cross-sectional view, rotated, in similar scale, and taken about section line 
32-32 of FIG. 31; 

FIG. 33 is a cross-sectional assembly sagittal or coronal or oblique view, in similar scale, 
30 of multiple and stacked pseudo vertebrae of FIGS. 3 1 and 32; 

FIG. 34 is a cross-sectional assembly sagittal or coronal or oblique view, in similar scale, 
of multiple and stacked pseudo vertebrae of FIGS. 5, 15, 22, 23, 31 and 32; 

FIG. 35 is an elevated perspective view, rotated and in similar scale, of a variation of the 
bone graft device assemblies of FIGS. 3, 4, 8, and 34; 
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FIG. 36 is an elevated perspective view, in reduced scale, of a variation of the bone graft 
device assembly of FIG. 35; and 

FIG. 37 is an elevated perspective view, in reduced scale, of a variation of the bone graft 
device assembly of FIGS. 35 and 36. 
5 Also, in the various figures and drawings, various reference symbols and letters are used 

to identify significant features, dimensions, objects, and arrangements of elements described 
herein below in connection with the several figures and illustrations. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In pushing the state of the art into heretofore uncharted territory, the bone graft device 
according to the principles of the instant invention estabUshes many new possible graft 

5 configurations and capabilities that are entirely absent j&om the many prior art attempts at 
improvements. The medical practitioner that employs any of the many contemplated 
embodiments, modifications, and variations of the bone graft devices of the instant invention can 
now more than ever focus on the complex and high-precision tasks before him or her without the 
need to expend substantial resources and valuable time on preparing, modifying, and attempting 

10 to overcome the deficiencies of prior bone graft devices. What is possible with the device 
according to the principles of the instant invention is a bone graft device that is more readily 
capable of rapid assimilation into and fiising with the host bone tissues, and which is also capable 
of rendering immediate and permanent stmctural support upon implantation. Each of these 
benefits can thus speed recovery and minimize the pain and discomfort otherwise likely to be 

15 experienced in various bone graft procedures. 

With reference now to the various figures and especially FIGS. 1, 2, 3, and 4, those 
having knowledge in the relevant arts may understand that the preferred bone graft device 100 
according to the principles of the present inventive technology incorporates an assembly of 
innovative components and elements. In practice, the instant invention is contemplated and 

20 susceptible for use in a number of possible procedures and implant sites that can include cervical, 
thoracic, and liraibar spinal column locations. More particularly and for purposes of example 
without limitation, the bone graft device 100 is depicted in FIG. las being assembled to be 
compatible for implant into a corpectomy-estabhshed anteriorly approached implant site I that is 
prepared and resected to span three cervical vertebral discs D and two vertebral bodies C4, C5 of 

25 a cervical spinal column S, whereby the implant site I is defined or bounded to have a caudal or 
an inferior vertebral surface IVS confironting a superior or rostral or cranial vertebral surface 
SVS. The vertebral surfaces IVS and SVS are often also referred to by those skilled in the 
various arts, among other surgically colloquial nomenclatures, as end plates. The surfaces IVS 
and SVS can be prepared to be substantially parallel or non-parallel and or to be generally 

30 concave and or convex whereby only the least amount of damaged or injured tissue is removed 
so as to prepare the implant site I to have the maximum amount of remaining live bone tissue. 
For purposes of example without Umitation, the proposed exemplary corpectomy procedure can 
achieve arthrodesis or fiision of the bone implant graft device 100 into the host tissue of the 
spinal column S as healing and recovery advance in the normal course to accomplish 
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decompression of the cervical column and the various nerve roots and enervated structures so as 
to reduce pain and discomfort that may be experienced by the patient from stenotic conditions or 
other anomalies. 

The bone graft device 100 of FIG. 1 (for an example and illustrative cervical spinal 
5 procedure) and FIG. 2 (for an illustrative thoracic or dorsal spinal procedure) includes a generally 
stacked arrangement of pseudo- vertebrae 110 that can be adhesively joined or bound together or 
be otherwise stacked. The contemplated pseudo-vertebrae arrangement 110 caa include, among 
other elements and features, a generally cranially or rostrally or superiorly positioned abacus 
pseudo-vertebra 120 and a generally caudally or mferiorly positioned plinth pseudo-vertebra 130 
10 that together cooperate to sandwich one or more drum pseudo-vertebrae 140 when the pseudo- 
vertebrae 120, 130, 140 are received on a strut or stanchion 150. The stmt or stanchion 150 can 
be adapted to improve structural strength, rigidity, and alignment of the stacked pseudo-vertebrae 
120, 130, 140, among other possible features and capabilities. The strut or stanchion 150 extends 
generally superiorly to inferiorly or rostrally to caudally through or about the pseudo-vertebrae 
15 120, 130, 140 and about an axis denoted generally by reference letter A. The abacus and plinth 
pseudo-vertebrae 120, 130 incorporate at least one exteriorly or outwardly facing respective sills 
125, 135 that confront and are respectively received against the corresponding vertebral surfaces 
SVS, IVS (and in FIG. 2, SVS% IVS'). 

For purposes of frnther illustration, an additional brace or stabilization instrmnent B that 
20 has been constructed and implanted is depicted with phantom lines in FIGS. 2, 3, and 4 as having 
been installed to the anterior or ventral portion of the various vertebral bodies (which cotild be 
installed in FIG. 1 on vertebrae C3 and C6 and which is shown in FIGS. 2, 3, and 4 installed on, 
for example without limitation, T4 and T7) for added support. For improved illustration 
purposes, in FIG. 2 the exemplary T5 and T6 have been extended away along the depicted 
25 dashed extension lines from their respective actual positions in the thoracic or dorsal spinal 

colunm as reflected in FIGS. 3 and 4, In the configurations of the bone graft device 100 of FIGS. 
1 and 2, the exteriorly or outwardly facing respective sills 125, 135 and the respectively 
corresponding and confronting vertebral surfaces SVS, SVS' and IVS, IVS' are adapted to be 
substantially parallel across the respective implant sites I, I'. However, as ftirther described 
30 hereinbelow, the instant invention is also well-suited for purposes of and in applications where 
the respective sills 125, 135 and the respectively corresponding and confronting vertebral 
surfaces SVS, SVS' and IVS, IVS' are askew and substantially non-parallel. 

In FIG. 3, which also depicts the noted exemplary thoracic or dorsal spinal corpectomy 
resection and graft implant procedure, an alternative bone graft device 160 is shown installed in 
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the implant site I' of the spinal coluimi S'. The bone graft device 160 is similarly constructed to 
have a rostral or an abacus pseudo-vertebra 170 having a sill 175 received against superior or 
rostral vertebral surface SVS* and a caudal or a plinth pseudo-vertebra 180 with a sill 185 
received against inferior or caudal vertebral surface IVS'. The vertebral surfaces SVS' and IVS' 
are depicted having been adapted to be substantially parallel, and the corresponding outwardly or 
exteriorly facing sills 175, 185 are generally similarly configured. 

The abacus and plinth pseudo-vertebrae 170, 180 cooperate to sandwich a plurality of 
drum pseudo-vertebrae 190 in a stacked arrangement that is received upon strut or stanchion 195. 
A different number of pseudo-vertebrae 170, 180, 190 are incorporated in this graft device 160 so 
as to accommodate compatibility with the differently dimensioned implant site I'. The various 
figures illxistrate schematically proportioned pseudo-vertebrae, such as pseudo-vertebrae 120, 
130, 140, 170, 180, 190, to have similar shapes, profiles, and dimensions. However, the instant 
invention contemplates that such pseudo-vertebrae will have a variety of different shapes, 
dimensions, thicknesses, and cross-sectional profiles. 

Such multiply configured pseudo-vertebrae can then be selected by the medical 
practitioner, once the implant sites, such as sites 1, 1% have been prepared, so that an optimum 
fitting bone graft device 100, 160 can be arranged for a net or mterference fit into the implant site 
I, I' to optimize structural support of the implanted bone graft device 100, 160. For example, 
those skilled in the related arts should be able to comprehend that the pseudo-vertebrae 170, 180, 
190, can each have varied superior to inferior thicknesses so that the bone graft device 160 can 
be "shimmed" or otherwise sized about its gross top to bottom or superior to inferior dimension 
between sills 175 and 185 to fit into the implant site I' with a net fit or interference fit whereby 
the implant will be snugly and or tightly received into the hnplant site I'. 

In FIG. 4, another implant site F' of a spinal column S" is illustrated and defined 
between non-parallel vertebral surfaces SVS" and IVS". A bone graft device 200 is configured 
with generally wedge and or trapezoidally-shaped abacus and plinth pseudo-vertebrae 210, 220 
that have respective inclined exteriorly facing sills 215, 225 that are adapted to be received 
against the non-parallel vertebral surfaces SVS" and IVS" to maximize contact there between. 
The medical practitioner in this instance has selected abacus and pUnth pseudo-vertebrae 210, 
220 to have suitably thick and cross-sectionally (about a sagittal or coronal cutting plane) shaped 
and dimensioned profiles so the contact interface between the exteriorly facing sills 215, 225 and 
the non-parallel vertebral surfaces SVS" and IVS" is maximized. In this way, the load path 
through the spinal column S" and the bone graft implant device 200 is optimized to offer the 
most possible post-operative or post-implant structural support. The abacus and plinth pseudo- 
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vertebrae 210, 220 sandwich drum pseudo-vartebrae 230 and all pseudo vertebrae 210, 200, 230 
are received about at least one strut or stanchion 240. The stmt or stanchion 245 can be further 
optionally or preferably formed with generally non-parallel inclined ends 242, 245 for further 
improved interfacing with the vertebral surfaces SVS", IVS". 

With continued reference to the various figures and specifically now also to FIGS. 5, 6, 7, 
an 8, further details of the devices and components of the instant invention can be understood. A 
pseudo-vertebra 250, which is schematically similar in construction m some aspects to the 
pseudo-vertebrae of bone graft devices 100, 160, 200, is depicted and has a generally centrally or 
medially positioned aperture 255. The aperture 255 can be positioned as shown or in any of a 
number of other equally suitable optional or preferable configurations that can better 
accommodate compatibility for use in a variety of implant site arrangements. The proposed 
aperture 255 can be incorporated for purposes of establishing a partial or through channel that 
can support and promote vascularization and or deposition of new bone tissue as fusion 
progresses. The aperture 255 can also serve as a recess for receiving a strut or stanchion or other 
stacking or aligmnent or keying elements. Additionally, the aperture 255 can be employed for 
both such capabihties and can be treated to have a surface roughness or smoothness or both along 
different portions, to have an elongated or through keyway or slot for aligmnent, and or to have a 
coating that can promote more rapid bone deposition and or ossification. 

The pseudo-vertebra 250 can be generally cylindrically shaped and can also have any of a 
number of other possible shapes, thicknesses, wedged cross-sections, and the like as further 
disclosed elsewhere herein. Moreover, although shown as a substantially single material 
construction, the pseudo-vertebra 250 can be formed from one or more cancellous or cortical 
auto-, iso-, or allograft bone tissues, and or can be formed from any of a wide range of artificial 
materials that can include glass, ceramic, metal, composite, fiber, polymer, and other 
biocompatible materials, and alloys, hybrids, and combinations and compositions thereof 
Among many other possible combinations, a particularly capable arrangement of the variously 
configured pseudo-vertebrae described herein, including for purposes of illusfration but not for 
pvirposes of limitation pseudo-vertebrae 250, can be preferably or optionally adapted to be 
formed from a densified, compressed, or otherwise treated cancellous bone material to have 
improved load bearing, structural, fusion, and related properties, capabilities, and characteristics. 

. Additionally, wherein the various stmt or stanchion configurations illusfrated herein can 
be formed from any of a variety of the materials described in connection therewith and from any 
of the materials described m connection with the pseudo-vertebrae, for purposes of example only 
and not for ptuposes of limitation the contemplated stmts and stanchions, such as stmts and 
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Stanchions 150, can be fonned from a cortical bone or other structurally similar and capable 
material that can be treated in any number of ways so as to improve its structural and fusion or 
arthrodesis capabilities and characteristics. Another suitable capable material that is useful for 
construction of the contemplated struts and stanchions can be formed from any number of 

5 possible polymeries and carbon fiber composites and alloys, hybrids, and compositions thereof, 
which materials can be adapted to closely match the stmctural properties of the native skeletal 
bones and structures or to be especially compatible for use in bone graft devices that are to be 
employed in the noted load sharing configurations. 

In the contemplated constmction of bone graft device 100 wherein the optional or 

10 preferred pseudo-vertebrae are formed from a substantially compressed cancellous bone material 
and the optional or preferred struts or stanchions are formed from a stronger material such as a 
cortical bone or a compatible non-biological material, especially efficacious load sharing can 
result in certain configurations after the device 100 has been implanted whereby the fusion 
process can be accelerated xmder certain circumstances. As may be known to those skilled in the 

15 various related arts, during the post-implant fusion process, the deposition of new bone tissue can 
at a biological molecular level be a direct function of the structurally induced stress loading upon 
the implanted and native structures m a given bone graft implant site. Accordingly, in 
circumstances where the unplanted bone graft or other device bears Uttle to no stress loading, a 
probability can exist wherem fusion and integration of the implanted graft and or device occurs 

20 very slowly if at all. This effect can be especially pronounced in applications wherein a brace or 
stabihzation device, such as brace B (FIGS. 2, 3) is employed to bear the majority of the 
stmctural skeletal loads in combination with a bone graft implant such as bone graft device 100. 
Attempts to ensure that the skeletal forces and loads are shared between such a brace or stabiUzer 
and the unplanted bone graft have included developments in brace teclmology wherein the 

25 practitioner can effect what has been referred to in the art as a dynamism parameter in the brace 
construct that allows some range of motion or degree of freedom in the braced native skeletal 
stmctures such as the native vertebrae so that the implanted bone graft, such as bone graft device 
100 is subjected to loading in the ordinary course of movement of the body of the patient. In this 
way, the brace B shares a part of the stresses and loads with the implanted bone graft, which can 

30 under certain circimistances improve the fusion process of the implanted graft. Such load 
sharing concerns can also have an important role as to the various components of the 
contemplated bone graft device 100. 

More particularly, wherein the device 100 is selected to have a combination of cortical 
and cancellous materials, the good fusion results have been experienced in various procedures 
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where the overall structural properties of the implanted bone graft device are identical to or 
similar to that of the native skeletal structures. Even more specifically, for purposes of example 
without limitation, among other usefiil properties and considerations, good fusion results have 
been obtained with bone graft devices that have been adapted such that the resultant structural 

5 modulus of elasticity and the flexure of the proposed bone graft devices is identical to or 

substantially or approximately the same as that of the native bone and skeletal structures that are 
being repaired, reconstructed, rehabiUtated, and otherwise modified as part of the graft 
procedure. Additionally, in hybrid applications where a combination of cancellous and or 
cortical bone materials are used in combination with non-biological materials, including for 

10 example without limitation, polymeries and carbon fiber materials, good results are similarly 

obtained when load sharing is implemented and the hybrid and or composite bone graft device is 
adapted to have identical or substantially or approximately similar stractural properties, 
characteristics, and capabilities, such as identical or approximately or substantially similar 
flexure and or modulus of elasticity, among other possibly desirable similarities. In such 

15 additionally contemplated load sharing hybrid bone graft applications, any of the contemplated 
pseudo-vertebrae, stmts, stanchions, and other components can be formed firom the noted 
materials. 

Additionally, pseudo-vertebra 250 as well as any of the other components of the proposed 
bone graft device 100 and the variations, modifications, and alternative configurations thereof, 

20 can incorporate an exterior coating about transverse surfaces 260, 265 (which can be the 

vertebi-al surface interfacing sills described elsewhere herein) and or about exterior surface 270. 
For embodiments formed from composite and hybrid compositions of such materials and or non- 
biological materials, the contemplated coatings and treatments can be incorporated into the 
substrates during formulation and or during fabrication into the components described hereui. 

25 Such treatments and coatings can include a cancellous and or cortical bone chip, powdered, 
paste, liquid, or other material that can also include various other substances, such as growth 
factors and the like, which materials and substances can be adapted to fiarther stimulate 
assimilation and fiision into the host implant site and with other components and elements of the 
contemplated bone graft devices. Additionally contemplated and potentially efficacious 

30 treatments and coatings can include, for purposes of ftirther example but not for purposes of 
limitation, demineralization, antitumor and chemotherapeutic agents, antibiotics, bactericides, 
fimgicides, and other similarly capable biocides, as well as a range of possibly suitable 
osteobiologics that can control, limit, protect, and or promote or augment the implant site 
environment and constituents therein as well as being able to control, Umit, and or promote the 
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growth of tissues. Such coatings and treatments can be adapted for immediate and or time 
release into the implant site from the bone graft either through leeching or as the bone material of 
any such graft is absorbed and regenerated, and can be especially useful in various procedures 
and in certain patients not only for improving probabilities for successful fusion and arthrodesis, 

5 but can also and or concurrently be useful for limiting, controlling, and possibly eliminating 
infections, reinfections, and growth rates of regenerated tissues and the like. 

In FIG. 6, a strut or stanchion 280 is illustrated that can be similar in construction in many 
respects to any of the other stmts and or stanchions described elsewhere herein, including for 
example struts or stanchions 150, 195, 240. The strut or stanchion 280 can further be defined by 

10 rostral or superior end 285 and a caudal or inferior end 290 and with an outer surface 295. The 
strut or stanchion 280 can be fabricated with any type of curvature 282 from any of the 
aforementioned materials and can be treated and or coated in any manner similar to that already 
described in connection with the possible embodiments of the variously contemplated pseudo- 
vertebrae 250 illustrated herein above and below. Although a substantially elongated cylindrical 

15 profile is schematically represented in the depiction of stmt or stanchion 280, a variety of other 
equally suitable shapes and configurations is contemplated and should be understood with 
reference to the other figures and descriptions herein. The general views of FIGS. 7 and 8 depict 
various constructions of bone graft devices in different stages of assembly that are fabricated in 
general from the pseudo-vertebra 250 and the stmt or stanchion 280 of FIGS. 5 and 6. 

20 With continued reference to the various preceding illustrations and now also to FIGS. 9 

through 13, further capabilities and features of the instant invention can be understood. In FIG. 
9, the stanchion or stmt 280 of FIG. 6 is shown for purposes of explicating additional details of 
contemplated constmctions and parameters. Here again, although the demonstrative illustrations 
of FIG. 9 and the generally transverse cross-section of FIG, 10 reflect a generally cylindrical 

25 configuration, any of a number of other configurations are suitable, including the ellipsoid 

configuration 300 of FIG. 11, the ovoid configuration 305 of FIG. 12, and the triangular profile 
310 of FIG. 13. The instant invention contemplates such struts and stanchions for use in wide 
range of possible bone graft implant sites and the various parameters, configurations, and 
arrangement of such sites will establish preferred dimensions and parameters of the most 

30 desirable strut and stanchion. In the exemplary and illustrative but non-limiting context of spinal 
coluimi rehabihtative procedures, such as corpectomies, a range of suitable dimensions and 
parameters have been identified that can be particularly well-suited for purposes of the instant 
invention. While the stmts and stanchions illustrated herein can be sized and shaped to 
substantially fill the corresponding apertures of the contemplated pseudo-vertebrae or other bone 
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graft element adapted for use with other non-spinal corporeal bone implant sites, such stmts and 
or stanchions may also be substantially undersized so as to establish an interstice between the 
exterior surface of the strut or staachion and the inside sxnface of the aperture, which surfaces of 
the proposed interstice can be treated, coated, or otherwise configured to promote interstitial 
vascularization and bone deposition. 

More particularly, the stanchion or strut 280 for use in such procedijres can have a range 
of optional or even preferable diameters "8" (Greek letter delta) that can preferably be in the 
range of about 2 to 10 milUmeters, and more preferably between about 2 and 7 millimeters, and 
even more preferably between approxunately 3 and 5 millimeters. A preferred or optional range 
of lengths "X." (Greek letter lambda) will depend upon the mean average distance between the 
confronting vertebral surfaces, such as surfaces SVS, IVS and how large of a graft is to be 
implanted. In the context of spinal column procedures, the length of the strut or stanchion 280 
will be a function of many levels of vertebral bodies and discs that are to be spamied by the bone 
graft device, and the relative conditions and dimensions of the vertebral bodies and discs that 
exist in the operative location to be addressed by the procedure. In the cervical region of the 
contemplated spinal column, and subject to further modification as a result of any pronounced 
stenotic or other degenerative and traumatic conditions that maybe present, the mean average 
longitudinal span across a sagittal or coronal cutting plane per cervical level can range between 
about 20 and 25 millimeters per vertebral body and approximately between 2 and 5 millimeters 
per vertebral disc. In the continued context of spinal column graft procedures, the lumbar region 
can present per level spans that range about 40 millimeters per vertebral body and between about 
2 and 12 millimeters per vertebral disc. The thoracic region presents vertebral body and disc 
longitudinal spans between those of the cervical and lumbar regions of the spinal column. With 
these considerations in mind, the contemplated strut or stanchions 150, 195, 240, 280 could 
therefore preferably have a two-cervical level dimension X in the range of between about 46 and 
65 millimeters, which depend not only on the indigenous structural geometry of the spinal 
column to be rehabilitated, but also upon the precise parameters of the implant site established as 
the injured tissues are resected prior to implanting the proposed bone graft device according to 
the principles of the instant invention. 

With reference now also specifically to FIG. 14, various other possible preferable or 
optional alternative arrangements are suggested that can include a strut or stanchion 320 that is 
adapted to have a simple or compound curvature 325 that can have a simple radius "p" that can 
be selected to specifically accommodate any native curvature present at the proposed implant 
site, if any. In the context of the exemplary spinal column procedures, such curvature 325 and 
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radius p can be selected to approximate the particular nominal and abnormal lordotic and 
kyphodic, or even compound scoliotic, curvature of the spinal column at the region of the 
proposed implant site. 

In FIGS. 15 through 21, various contemplated shapes, dimensions, and profiles of the 
proposed pseudo-vertebrae according to the principles of the instant invention are illustrated. 
With continued reference to the preceding figures and now also specifically to FIG. 15, the 
pseudo-vertebra 250 of FIG. 5 is represented again for comparison and further explication in the 
context of various other possible configurations. 

The pseudo-vertebra 250 of FIG. 15 is formed to have a substantially rectiUnear sagittal 
or coronal cross-section with an average generally uniform thickness 253 and to incorporate 
aperture 255 and one or more surface treatments about surfaces or sills 260, 265, which surface 
treatments can be substantially smooth and or include, for purposes of example without 
Kmitation, surface roughening elements that cover a portion of or all of the surfaces 260, 265. 
Such surface roughening features can include pointed and or diamond patterned dimples and 
stipples that are adapted to grip interfacing surfaces, such as the vertebral body surfaces SVS, 
IVS and the corresponding surfaces and or sills 260, 265 of adjacent stacked pseudo-vertebra 
250 (see, e.g., FIGS. 2 - 4, 7, 8). Moreover, the surfaces and or sills 260, 265 can also further 
optionally or preferably incorporate or be coated with any of the contemplated coatings described 
herem elsewhere that can promote more rapid fusion and integration of the pseudo-vertebra into 
the host spinal column S, S', S". 

In FIG, 16, pseudo-vertebra 330 is shown being formed with a generally trapezoidal and 
or wedge shaped cross section and to define what is depicted as a generally medially positioned 
aperture 332. The pseudo-vertebra 330 is formed with the noted wedge or trapezoidal shape to 
have a substantially average minunum superior to inferior thickness 333 and a substantially 
average maximum similar thickness 334, and with sills 335, 337. As with preceding 
embodiments, any of a variety of surface treatments and coatings may be similarly incorporated. 
Adapted with similar thickness, surface, and coating features, another modified embodiment is 
illustrated by pseudo-vertebra 340 that is adapted to have aperture 342, sills 345, 347, and an 
elongated or what may otherwise be refen^ed to as a cardioid, lunular, semilunate, and or 
crescentric transverse or lateral cross-sectional profile, which is especially well-suited for 
compatibility with various of the similarly shaped vertebral bodies of die cervical, thoracic, and 
lumbar spinal columns. 

In FIG. 18, a generally cylindrical pseudo-vertebra 350 incorporates through apertures 
352 that are formed between surfaces or sills 355 and 357 and which can be cooperatively used 
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as what can be referred to as key-ways to key or align the stacking arrangement of multiple such 
pseudo-vertebrae 350. Similarly, pseudo-vertebrae 360, 370 (FIGS. 19, 20) respectively 
incorporate through keyway apertures 362, 372 between respective superior surfaces 365, 375 
and inferior surfaces 367, 377. As with preceding embodiments, configurations, and 
5 modifications, each of such pseudo-vertebrae 350, 360, 370 are easily further adapted to include 
any of the noted surface treatments and coatings aheady described in connection with other such 
pseudo-vertebrae. 

With continued reference to the preceding figures and now also specifically to FIGS. 21 
through 29, tiie variously described pseudo-vertebrae embodiments and variations thereof are 
10 each all adapted to have various profiles as weU as specific preferred and optional ranges of 
dimensions that are adapted to be specifically compatible for use m the respective implant sites 
wherein the specially configured and or assembled bone graft devices according to the principles 
of the instant invention are to be mtroduced. More specifically, and with reference now to FIG. 
21, the pseudo-vertebra 340 is again depicted and is here labeled to have a thickness x (the Greek 
15 letter tau) that can be selected to have a wide range of possible dimensions. 

Typically, even though shown schematically in the various figures to have substantially 
similar thickness proportions, the actual preferred pseudo-vertebrae contemplated herein will be 
formed to have a wide range of such possible thicknesses T that can be in the range of wafer-thin 
shimming configurations of about lOths of a millimeter to sizes as large as longest span to be 
20 grafted in an adult human, which can include non-vertebral graft, rehabilitative, and 

reconstructive applications and procedures, ha the exemplary context of spinal column grafts 
illustrated herein, the possible pseudo-vertebrae can be sized to span an implant site that is 
established across one or more levels of a large spinal lumbar vertebra and vertebral discs. 

Such large nominal and healthy adult human lumbar vertebrae can be as thick about a 
25 substantially superior to inferior longitudinal or sagittal axis as between about 35 to 45 

millimeters; and, such large nommal and healthy lumbar region vertebral discs can be as thick as 
10 to 15 millimeters. As those skilled in the art can appreciate, such a pseudo-vertebrae 
thickness could thus range as high as the corresponding thickness of 2, 3, or more such lumbar 
levels and can be as tall as 60 to 120 millimeters or more. The thinner shimming configurations 
30 can be very well-suited for precisely configuring the proposed and contemplated bone graft 
devices of the instant invention. 

In the generally cylindrical embodiments of the proposed and various inventive pseudo- 
vertebrae configurations, an average exterior generally lateral or tiansverse dimension is 
implemented to be compatible for use in the proposed graft implant site. In the context of the 
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exemplary spinal coliHim application described herein, the contemplated pseudo-vertebrae should 
be constrained to have a profile that can maximize the surface area available for traasfer of loads 
across the implant. At the same time, the exterior profile of the proposed pseudo-vertebrae 
should readily fit within the confines of the pre-prepared implant site. Additionally, the pseudo- 
vertebrae are optimized, in the previously illustrated cardioid, semi-limate or lunular 
configurations to transfer loads across as much of the interfacing vertebral body as possible while 
avoiding invasion of the vertebral canal or channel that contains the spinal cord nerve roots. 

With specific reference to FIG. 22, the previously described pseudo- vertebra 250 is 
depicted to have an average generally diametrical approximate maximum dhnension 8 (the Greek 
letter delta) that is adapted to be specifically compatible with a minimum corresponding 
diametrical lateral or transverse dimension of an implant site, such the interfacing inferior 
vertebral surfaces IVS, IVS% IVS'^ and the respectively confi-onting superior vertebral surfaces 
SVS, SVS\ SVS". While the maximuLtn average diametrical dimension S of the contemplated 
pseudo-vertebrae embodiments will depend upon whether a patient presents a nominally sized, 
healthy spinal colunmar body at the pre-prepared implant site, such as exemplary vertebral body 
implant sites I, I', I", a variety of possible dimensions can be implemented for compatibility with 
the proposed implant site. 

To further illustrate the possible pseudo-vertebrae dimensions 8 of the spinal column 
procedures that are contemplated for purposes of illustrating specific proposed applications, 
nominally health adult cervical vertebral bodies can have lateral or transverse cutting plane 
dimensions in the range of about 18 to 22 millimeters across a generally anterior to posterior (or 
ventral to dorsal) axis in the noted lateral or transverse plane, and approximately between 22 to 
28 millimeters about a generally dextral to sinistral axis also in the lateral or transverse plane. In 
the lumbar spinal column, the corresponding approximate maximum dimensions for 8 can be in 
the range of about 30 to 50 millimeters about the dorsal to ventral and sinistral to dextral axes 
spanning the transverse or lateral planes. A similar analysis and set of dimensional requirements 
can be discemed and applied to alternative configurations of the components that will replace the 
pseudo-vertebrae exp Heated in detail herein and which are adapted for compatibiHty with bone 
graft devices and procedures for any other part of the body that is to be addressed with any of a 
number of bone graft applications and procedures. 

In the partially assembled schematic stacking diagrammatic representation depicted in 
FIG. 24 of an exemplary bone graft device, the pseudo-vertebrae, such as pseudo-vertebrae 250 
are stacked m the direction generally indicated by the arrows labeled with reference letter a (the 
lowercase Greek letter sigma). Any of the contemplated varied thicknesses of the contemplated 
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pseudo-vertebrae 250 are stacked together, perhaps on a strut and or stanchion and or with an 
adhesive or binding substance (not shown), to estabUsh a bone graft device having length ^ (the 
lowercase Greek letter lambda) that most closely matches or nearly matches the corresponding 
generally longitudinal length or distance of the shortest distance between the interfacing surfaces 
of the implant site, such as the interfacing inferior vertebral surfaces IVS, IVS', IVS" and the 
respectively confronting superior vertebral surfaces SVS, SVS', SVS" akeady described 
hereinabove. 

In FIGS. 25, 26, 27, 28, and 29, yet anothea: possible key and aUgnment feature and 
capability is contemplated for use with any of the preceding embodiments, components, 
variations, and modifications. A pseudo-vertebra 380 can have a similar shape and construction 
to any of the preceding such pseudo-vertebrae to have at least one aperture 382 for receipt onto a 
strut and or stanchion (not shown), and outwardly facing surfaces 385, 387. The proposed 
enhanced pseudo-vertebra 380 may also incorporate one or more keying elements such as keying 
stipples 390 and corresponding keyway dimples 392. If a generally cardioid or lunular profile is 
selected for pseudo-vertebra 380, it can be adapted in a fashion so as to maximize the load 
bearing surface area of surfaces 385, 387 that is available for load transfer across the pseudo- 
vertebra 380, while ensuring that when implanted at a spinal column implant site, the pseudo- 
vertebrae does not invade Ihe spinal canal or channel, or foramen of the vertebra spanned by the 
assembled and implanted bone graft device. To illustrate yet another example of a specific 
approach to accompUsh this objective, the pseudo-vertebra 380 may be formed with a transverse 
or lateral, sinistral to dextral dimension "I" (a lowercase Roman letter "L") (FIG. 27) and a 
transverse or lateral, ventral to dorsal dimension "w" (a lowercase Roman letter "W") (FIG. 27). 
In this way, a proposed altemative bone graft device 395 (FIG. 29) may be formed having 
multiply dimensioned thicknesses t (FIG. 28) stacked in a direction ct to have a total bone graft 
device 395 stack height X (FIG. 29) for implanting into an implant site such as that already 
described herein. 

In any of the preceding embodiments, any of the proposed and contemplated bone graft 
devices may have one or more such pseudo-vertebrae that can have dissimilar profiles, 
thicknesses, and lateral dimensions so as to estabhsh compatibility for any of a number of 
possibly unusual implant site configurations. More specifically, a substantially thin, wedge or 
trapezoidally and cyUndrically profiled pseudo-vertebra can be selected as an abacus or superior- 
most element, wlule relative thicker lunular pseudo-vertebrae maybe selected and incorporated 
as drum or intermediate pseudo-vertebrae, while a pUnth or inferior-most pseudo-vertebra having 
yet another shape, profile, and thickness can be incorporated so as to form a complete bone graft 
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device that can be well-suited for a specific and peculiar implant site not otherwise expressly 
disclosed herein. 

In yet other examples, in general, any of the precedingly described components and 
features can be incorporated in other manners so as to address other implant site and 

5 contemplated bone graft device peculiarities and objectives. More specifically, and with 

reference now also to FIGS. 30 to 33, another variation of a pseudo-vertebra 400 is depicted that 
includes an aperture 402 (422) for stacking or other purposes, exteriorly facing surfaces or sills 
405, 407, and a substantially minimum thickness 410 and a generally maximum thickness 415. 
The varied thicknesses 410, 415 are intended only to illustrate that a generally trapezoidal shape 

10 is implemented. However, the what may be referred to as a lofted surface that spans the surface 
between the minimum and maximum thickness can be planar or undulating and can establish any 
of a number of possible interfacing surfaces that can incorporate any of the previously described 
surface treatments, finishes, and coatings, as well as being adapted to interface with a specifically 
profiled superior or inferior graft interface smface at the implant site. More specifically, the 

15 surface or sills 405, 407 may be firrther shaped to also define a substantially concave or convex 
or other lofted siirface profile that can establish automatic seating of the surfaces or sills 405, 407 
against the interfacing implant site sxrrfaces, such as inferior and superior vertebral surfaces IVS, 
IVS', IVS", SVS, SVS% SVS". Varied thicknesses 430, 435 (FIG. 32) are noted to illustrate the 
possibly desirable wedge shape. 

20 With specific reference to FIG. 33, such new and novel arrangements of pseudo- 

vertebrae, or the contemplated counterpart bone graft components adapted for use with other 
non-spinal corporeal graft implant sites, can be stacked to form a substantially curved bone graft 
device 440 that defines a curvature a' (FIG. 33) that can be received about a stmt or stanchion 
(not shown) having a generally correspondmg curvature 445 and which can be similar in 

25 construction in certain aspects to stanchion or strut 320 of FIG. 14. In this way, the altemative 
bone graft device 440 can be estabUshed to more readily match or mimic the natural lordotic or 
kyphodic curvature on the exemplary spinal implant sites I, I', I" contemplated herein as well as 
any other curvature indigenous to another non-spinal corporeal bone implant site. 

In yet another proposed alternately configured variation, a bone implant device 450 can 

30 incorporate one or more of the previously illustrated pseudo-vertebrae such as pseudo-vertebrae 
420 being positioned as the abacus superior-most and plinth inferior-most pseudo-vertebrae and 
stacked in direction a" about an intermediate drum pseudo- vertebra such as pseudo-vertebra 250. 
In this altemative arrangement, the exteriorly or outwardly facing surfaces 425, 427 can be 
established to present such surface being incliaed relative to a otherwise non-incUned plane 455 
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that is generally orthogonal to a coronal or sagittal plane 460. This representative confiiguration 
can be readily sized for compatibility with confronting interfacing svirfaces such as any of the 
possibly obliquely fashioned inferior and superior vertebral surfaces described elsewhere herein. 
In FIG. 35, another possible bone graft device 470 is shown that can incorporate a 

5 modified drum pseudo-vertebra 475 that can be similar in some aspects to pseudo-vertebra 250 
but that is modified, for non-adhesively joined graft stack arrangements wherein the intermediate 
pseudo-vertebrae confronting surfaces are substantially smooth, to be alignable with a keyway 
shaped aperture having a shape that cau resist rotation, such as a substantially triangular shape, so 
as to ensure desired alignment of the pseudo-vertebrae remains undisturbed as the bone graft 

10 device 470 is introduced to the implant site. A strut or stanchion 480 can be also included that is 
received with the drum pseudo-vertebrae 475 and that is adapted with a rotation resistant cross- 
sectional profile that is compatible with the apertures of the pseudo-vertebrae. The stmt or 
stanchion 480 can also fiirther be formed with substantially cylindrical pins 482 at one or both 
ends that are joined or merged into corresponding pin seats 485, through which pins 482 and 

15 seats 485 passes an axis of rotation 487. Received about the pins 482 and seated against the seats 
485 are additional wedge-shaped pseudo- vertebrae 490 that are adapted to rotate substantially in 
a plane of rotation denoted by reference arrows 495. In this configuration, the alternatively 
proposed bone graft device 470 can be introduced into the graft implant site whereby the rotation 
capable pseudo-vertebrae 490 can rotate into a more closely interfacing aligmnent with the 

20 confronting pre-prepared surfaces of the implant site, which implant site surfaces can be non- 
parallel or somewhat oblique. This arrangement fiirther establishes an even more closely aligned 
and more perfectly fitted implanted bone graft device 470, which in turn improves load bearing 
paths across the rehabilitated stmcture and which can fiirther accelerate the deposition of new 
bone and ensuing ftxsion of the implant into the host tissue. 

25 In FIG. 36, a partially assembled bone graft embodiment representative of the instant 

invention is depicted in bone graft device 500, which device 500 can include any of the 
previously described components, elements, and features. The device 500 incorporates the 
pseudo-vertebra 350 that are received on one or more stanchions or stmts 280, which pseudo 
vertebrae 350 are stacked together in an aligned relationship to estabhsh the bone gi*aft device 

30 500 sized to be implanted at a selected graft implant site such as any of those noted herein 
elsewhere. In FIG. 37, another partially assembled bone graft device 550 according to the 
principles of the instant invention is illustrated and includes one or more pseudo-vertebrae 560 
adapted with substantially peripherally positioned keyway apertures 565 that are adapted to 
receive compatibly configured stmts or stanchions 570. In this device 550, substantially higher 
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load bearing capabilities can be established for possible use in very high load bone graft implant 
sites such as, for purposes of example without limitation, legs, arms, and lumbar spine regions of 
the body. 

Numerous alterations, modifications, and variations of the prefen*ed embodiments 
disclosed herein would be apparent to those skilled in the art and they are all contemplated to be 
within the spirit and scope of the instant invention, which is limited only by the following claims. 
For example, although specific embodiments have been described in detail, those with skill in the 
art can understand that the preceding embodiments and variations can be modified to incorporate 
various types of substitute and/or additional materials, relative arrangement of elements, and 
dimensional configurations for compatibility with the wide variety of possible bone graft devices 
and kits that are available in the marketplace. Accordingly, even though only few embodiments, 
alternatives, variations, and modifications of the present invention are described herein, it is to be 
understood that the practice of such additional modifications and variations and the equivalents 
thereof, are within the spirit and scope of the invention as defined in the following claims. 
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1 . A bone graft device adapted to be received in an anterior spinal resection of one or 
more vertebrae of a spinal column, the resection being defined between an inferior vertebral 

5 surface confronting a superior vertebral surface, each surface being bounded by a respective 
periphery defining the extents of the respective area of the surface, comprising: 

a plurality of pseudo-vertebrae adapted with a cross-sectional profile compatible for 
implant in the anterior spinal resection; 

at least one stanchion receiving the plurality of pseudo-vertebrae in a generally stacked 
10 arrangement; 

wherein at least one of the plurality of pseudo-vertebrae defines an exteriorly facing sill 
configured to be received against at least one of the inferior and superior vertebral surfaces to 
maximize contact between the sxxrfaces; and 

wherein each sill is sized and shaped to be substantially circumscribed by at least one of 
15 the respective vertebral surface peripheries when received there against so as to not invade the 
vertebral channel of the spinal column when the bone graft device is introduced into and received 
in the resection. 

2. The bone graft device according to Claim 1, wherein at least one of the plurality 
20 of pseudo-vertebrae has a generally elongated cardioid cross-sectional profile proximal to the sill 

that is substantially circumscribed by the proximate vertebral surface. 

3. The bone graft device according to Claim 2, wherein the proximal vertebral 
surface is formed in a cervical vertebral body. 

25 

4. The bone graft device according to Claim 2, wherein the proximal vertebral 
surface is formed in a thoracic vertebral body. 

5. The bone graft device according to Claim 2, wherein the proximal vertebral 
30 surface is fomied in a lumbar vertebral body. 

6. The bone graft device according to Claim 1, wherein at least one of the plurality 
of pseudo-vertebrae is formed to have a substantially wedged shaped cross section about a 
sagittal plane. 



32 



wo 2004/024038 



PCT/US2003/028305 



7. The bone graft device according to Claim 6, wherein the at least one pseudo- 
vertebra is adapted to rotate, as the bone graft device is introduced into the resection, about an 
axis substantially parallel with an axis of the at least one stanchion. 

5 

8. The bone graft device according to Claim 1, wherein the at least one stanchion is 
at least partially curved about an axis passing longitudinally therethrough. 

9. The bone graft device according to Claim 1, wherein the pseudo-vertebrae are 
10 received about at least two stanchions. 

10. The bone graft device according to Claim 1 , wherein the at least one stanchion is 
substantially medially disposed about the plurality of pseudo-vertebrae. 

15 11. The bone graft device according to Claim 1 , wherein the at least one stanchion is 

substantially peripherally disposed about the plurality of pseudo-vertebrae. 

12. A bone graft device adapted to be received in an anterior spinal resection of one or 
more vertebrae of a spinal column, the resection being defined between an inferior vertebral 
20 surface obliquely confronting a superior vertebral surface, each surface being bounded by a 
respective periphery defining the extents of the respective area of the surface, comprising: 

at least three pseudo-vertebrae each adapted with a cross-sectional profile compatible for 
implant in the anterior spinal resection and further including (1) abacus and plinth pseudo- 
vertebra each having a substantially wedged shaped sagittal cross section and respective 
25 exteriorly facmg sills adapted to maximize contact with the respective superior and inferior 
vertebral surfaces, and (2) at least one drum pseudo-vertebra stacked between the abacus and 
plinth pseudo-vertebrae; 

at least one stanchion receiving the plurality of pseudo-vertebrae in a generally stacked 
arrangement; 

30 wherein at least one of the abacus and plinth pseudo-vertebrae are rotatably received 

about the at least one stanchion; and 

wherein each sill is sized and shaped to be substantially circumscribed by at least one of 
the respective vertebral surface peripheries when received there against so as to not invade the 
vertebral channel of the spinal column when the bone graft device is received in the resection. 
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13. The bone graft device according to Claim 12, wherein at least one of the plxirality 
of pseudo-vertebrae has a generally elongated cardioid cross-sectional profile proximal to the sill 
that is substantially circumscribed by the proximate vertebral surface. 

5 

14. The bone graft device according to Claim 13, wherein the proximal vertebral 
surface is formed m a cervical vertebral body. 

15. The bone graft device according to Claim 13, wherein the proximal vertebral 
10 surface is formed in a thoracic vertebral body. 

16. The bone graft device according to Claim 13, wherein the proximal vertebral 
surface is formed in a lumbar vertebral body. 

15 17. The bone graft device according to Claim 12, wherein the at least one stanchion is 

at least partially curved about an axis passing longitudinally therethrough. 

18. The bone graft device according to Claim 12, wherein the at least one stanchion is 
substantially medially disposed about the plurality of pseudo-vertebrae. 

20 

19. The bone graft device according to Claim 12, wherein the at least one stanchion is 
substantially peripherally disposed about the plurality of pseudo-vertebrae. 

20. The bone graft device according to Claim 12, further including at least two drum 
25 pseudo-vertebra that are stacked between the abacus and plinth pseudo-vertebrae, and wherein 

the at least two drum pseudo-vertebrae incorporate at least one key element adapted to prevent 
relative rotation between the at least two drum pseudo-vertebrae. 

21 . The bone graft device according to Claim 20, wherein the respective at least one 

30 key elements cooperate with at least one stanchion key element formed in the at least one 

stanchion and adapted to prevent relative rotation between the at least one stanchion and the at 
least two drum pseudo-vertebrae. 
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22. The bone graft device according to Claim 20, wherein the at least one key element 
is formed in at least one of the dram pseudo-vertebrae and is adapted to engage another of the at 
least two drum pseudo- vertebrae to prevent relative rotation there between. 

5 23. A bone graft kit adapted to assemble a bone graft device to be received in an 

anterior spinal resection of one or more vertebrae of a spinal colxmm, the resection being defined 
between an inferior vertebral surface confronting a superior vertebral surface, each surface being 
boimded by a respective periphery defining the extents of the respective area of the surface, 
comprising: 

10 a plurality of pseudo-vertebrae adapted with a cross-sectional profile compatible for 

implant in the anterior spinal resection wherein the pseudo-vertebrae of the plurality include at 
least one of shim, drum, and wedge pseudo-vertebrae; 

at least one stanchion receiving the plurality of pseudo- vertebrae in a generally stacked 
arrangement, the at least one stanchion including at least one of a cylindrical, a keyed, and a 
15 curved stanchion; 

wherein at least one of the plurality of pseudo-vertebrae defines an exteriorly facing sill 
configured to be received against at least one of the inferior and superior vertebral surfaces to 
maximize contact between the surfaces; and 

w^herein each sill is sized and shaped to be substantially circimiscribed by at least one of 
20 the respective vertebral surface peripheries when received there against so as to not invade the 
vertebral channel of the spinal column when the bone graft device is received in the resection. 



24. The bone graft device according to Claim 23, wherein at least one of the plurality 
of pseudo-vertebrae has a generally elongated cardioid cross-sectional profile proximal to the sill 

25 that is substantially circumscribed by the proximate vertebral surface. 

25. The bone graft device according to Claim 23, wherein the shim pseudo-vertebrae 
is adapted with a longitudinal thickness substantially less than that of drum and wedge pseudo- 
vertebrae. 

30 

26. The bone graft device according to Claim 23, wherein the at least one wedge 
pseudo- vertebra is adapted to rotate about an axis substantially parallel with an axis of the at least 
one stanchion. 
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27. The bone graft device according to Claim 23, wherein the at least one stanchion is 
at least partially curved about an axis passing longitudinally ttierethrough. 



28. The bone graft device according to Claim 23, wherein at least two drum pseudo- 
vertebrae are received about at least two stanchions. 

29. The bone graft device according to Claim 23, wherein the at least one stanchion is 
substantially medially disposed about the plurality of pseudo- vertebrae. 

30. The bone graft device according to Claim 23, wherein the at least one stanchion is 
substantially peripherally disposed about the plurality of pseudo-vertebrae. 
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